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In th« pMMnt ir«xk v« hmw attM^tcd to lirPtstifAt* 
•OM ifit«z*ttliig anA uMfuI «hAmot«ritti«» •t haAxen-AuoXcias 
••llliioas stud jinn a«oliftiii«i of anltlyMrlioIo pxodae* 
tloii in Mgit tnoxfy liaAsoa-iiuoXous iatomotioiii. A d«t«ll«d 
•XfOsiwtAtAl stody of 400 OoT fxotoa toA 50 aoT v'-Moea 
iatoxaotioaa vlth OMaoioa aaelol has ^ooa easvlod out for 
this pttspoM* 
fiio ATOsago mia^or of hoftTUy loaislag tsaolta, < > • 
ia 400 OoT iKoanloloa ooXlioloao eoaoo out to bo (7«44 :^0.18)* 
Shio Taluo of < ooaparoa fairly woXl vlth tho vaXuoo 
roportod \>y othov voxictm at dlffoxoat laoldoat oaoxfloa for 
9*aaeIoao ao noil ao «*nmoloas latozaotloao* flio appxoxlaato 
ooaotaaoy of tho raluo of <ir|^ > vlth oaongy vmaXa that tho 
pxooooo of dlolatocsatloa of tho tav<ot Bueloas la ladopoadoat 
of tho laoldoat oaozfy* 
It la vldtiiy hoXlOTod that<ff|^7 la dlsootly xolatod 
to tho aTovafo auahov of oaeoaatovo aado lijr tho laoldoat 
hadsoa laoldo tho aaoXoaa. So Hio ooaataaoy pf<M^> xovoala 
that tho avoxafo auahov of oolllaloaa do aot laoxoaao vlth 
tho laoldoat oaoiigy aad thozohy ladloatoa that tho oaaoado 
• ii -
fxvtttsc Am* Ml fltjr d«Biaa»t c«I« im liftdxo»^meX«u« 
< Iw > 
fli« Y»Itt« of Hinr ' ^^^^^ e«U«d th9 
Aitptrsioii of oom« o«t to Ho l . l l , which 
la eo«9wnUo vlth tlio valiMo olbtalaod «t Alffoxoat oaoxgioo. 
fho avozimo muibov of tolaok tarmoko, < la 400 OoT p^ nuolomo 
mA 50 9oT ii*Attoloiii iatomotioao *xo (^.92 t oaA 
• O.O '^) MopootiToXy* Vt lilmo notio* that «tio tmliw 
/ 
of Is iaA09«aA«at of oaoxiy as volX a« aatiueo of tho 
psoJootUo ifldoh la t a » ouMOOta tliat tho aT*«afO oaoxir 
layartod to tho atmok aaelol fos tholv osoltatloa ! • 
laAoyoadont of tho aatuso aad oaoxgy of tho laoldoat hadsoa. 
Xt lo latorootlag to a#to that tho valaoa of tho ratio 
< » _ > < > «4 < » JIA tfA^lf axo aoax-Xjr tho aaao ao tho satlo 
Of tho avoMAO anahts of ooIXioloao aado hy tho laoldoat 
hoA»oa laolAo tho aaoloits* i.o** ^ ^ • fho valao of ^ la 
'fwr oXoao to «io xatlo mfrMA « fiii, thoxofoxo ladloatoa 
that tho aTOxafO aMXtl^Uolty of tho yartltiLoa yvoAaood la 
had»oa«aaoloaa oolllaloaa inurloa Xlaoaxly with tho aTOvaAo 
aaahoir of oonialoaa aado i f tho laplafla« hadzoa laaldo tho 
BAoXoma. 
- I l l ^ 
Th« vmltMs •f< bet* f««a< 
•m ttUflllVV of fll« tUTfO'l 
aii«l««0 ('V' A^^' } whlX* YAlmo of < y^^hmt ^toa o1»oom4 
to bo vookly aopOBioat ob A (^^A^*^' )• Oao Mqr» thozofoxo» 
lafor fhftt Ifho xolotlTlotle and hoarllar loaiilag yavtlcloo 
aco ^xoAiood Hkvottfb dlffosoat aooKoaloao* 
tbo zatloi <ff^ >/D turno out to lio voxy tiLoao to 2 aaA 
roaalaa ladopoadoat of oaoxfy ao vol! as tho taigot aaoo* 
fhlo xatlo^aot eoapltablo vlth tho Polsooa*a zoXatloa» that 
lo, « • Tho olallazltsr la tho hoharloas of < 9 >/B 
la both hadxoa«auoXooa ud hadsoa-^ suoloao ooUloloao ladloatoo 
a klad of oeollBf In mOltlplleltr dlatvlhatloao* 
Taarlatloa of ooatseal aoaoato aad of 
tho V,-dlotslbtttloa vlth aad tho doyoadoaoo of aowaXlsod 
aoaoato of l^«*dlotvlbatloa Q ,^ aad vlth oaosff fov 
y-Hta^oaa latosaotloaa havo hooa ylottod aad litooo vavlatloao 
haiFV hooa ooafaxod idLth tho oomoMAdlif dlotsllMitloao fov 
9P Ifttovaotloaa. It hao hooa ftevHioy oboowod that tho 
•avtatloao of ooattal aid aoimULlsod aoaoato vlth < aad 
oaoigy voopootlToIy aio olalXav fov both fp aad fA l»tol^» 
aotloao* fhlo aajr bo ooaoldozod to bo aa ladloatloa fov 
tho olaUarlty of tho fatoduotloa aoihaaloaa la both tsrfo* 
of latoxaotloao. 
• I t • 
I Miifitd mOjsia Pt tHt MAtt Mwmtlimti matlfli«i«r» 
t» htm ^aa esnri^a I17 takiiii It m tb* Bt •Ittev 
OBly th« #iaii«d ywrtloUs itt f ia« l a^At** 
9f haAMii^auelMs Md lisdMB»A«eX«oii MIXISIOM tli« MMM 
iaoidtiit •Miegj* flM MAft noxMaiSAd mltifllolty I im 
otoMzvvd t9 •atngy iad«9»ttd«a% fsoBA.20 oawurda* flt« 
«azc«t 4t9«nd«iL0t of ooaMaiMd Matlplloltr 
••igr oXoM to %h» 9ZodletioA« of Kbo onosty fl«x OMOodo 
sodol. By MiaXjoiiii tho data la -boaeM of tho oioatod Ohaaegod 
pavtloloo, it has liooa o^aomd that tho aaltipXioity dlatzl* 
batioao la hadzoa-aaoXooa and ]iadzoa*aaolo«o oouialoao aagr 
sopzooostod y>r a oiaflo ooaUng ftmotloa 
vitb « -
fho aacaXav diatxilnitloa of tho obaxsod ahovov tastloloa 
havo hooa atadiod la toiaa of fooadosapldity, n* A oosfaxiaoa 
of tho fooadoxapldltjr diatxlhatloAa la dlffoxoat Vw l^atoarfaXa 
of 
ao^aXa that ao laoaoaaoa* tho osoooaAl^ o factloXoa mpwx 
la tho taxgot tvafaoatatlon xogloa* ahlftlat tho aaiiaa of 
tho iiatallMitloaa tovavia aaalXos ftoadoxatldltj TaXaoa* 
lofoad a oovtala llaltlac Tiamoa of n* xayldlty dlotsl* 
hatloa la alaoat ladafoadoat of or tho tavfot alaa. 
laaifatla pvotoaa* doat03roaa» d» tvltoaa* t oto. azo 
yaodaood hofoio tho ovapoxatloa pxoooaa atavta* tha aalaaloa 
ahazaotovlatloa of thoao pavtloloa pxodaaod la 5d toT 
• T • 
ii*«Ma«i0» hmw itwAitA vitli tlM comalAvsmtioa 
tluit -tli«t« paxtiei«t MQT al«d yxwrlA* mm tlfiilflMUirl iafiii^-
ftlMvt t1i9 yxoAwctloA MelicniiK* fli« TSIIMI* 
< tax stars pzodnaiac Pt^vt «Bd •lov 
plan* amd all Hi* vitli hmw Imm AstsiMiatA* 
It kftt l»««a favmA thst t)s«M 9«rllel«« mxa f«oAit««d Ul MlatiTtXy 
li««Ti«r iBiasioa fsttiMAel** at thaaa 9*xtiaiL«s hmra 
eaXenlatsd. VvMrnr, posalblt Qonwlations 
a<f*nif« of tlov ploa«t pxotoast < fp> t dsutsxiMis, 
aad tiritoat, aad < » 1i»t» 
lM«a iavtstiffttsd. Variatioa of <f > llaoav vlth <V||>» 
oad taw all tlio parti^oo oxoopt ia tho oaao of<f^> 
vlileli Taxioo qaodz«tie«UL7 vltli < 
Sho oMlioioa filiaarae'loxlo'liea of thoao partieloa aaoh aa 
tliois aafvlas aoBaataa, txaaarorao aad Xoa«itttiiaal Msoata 
dlatvilntioas littfo teoa diaoaaaod* 
80M iatoioatiaf oluueaotoxlanoa of tko domtoioa 
piodnoiac a-laya havo liooa Aotoxnlaad aad ooMpoarod vlfli tlio 
oottoapoadiai akmma^awiwtfm o^aiaad faw all tbo atam* t% 
hma booa o^aovrod tlait foy aar ftiroa taXwa tlio «vo«aio 
ozottatioa of Uka doutovoa pttduolat atava ia lili>>iO» tliaa -Hmt 
taw tbo aaapXo* fiurtliaiaoaeo, tte oiromio ahovos paxtiolo 
aultlplioitjr ia tlio atara pzodmoiaf loaa oaavfotio doutovoaa 
ia volaliiToIjr Mglioir than tlio oonoapoadiac Taluo of fos 
tlio oToala wiHk oaoargotto doatoioaa aad iXao fox tto total 
aaaplo. 
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C«£tifi«d that th» woxk px«Mnt«d in ttiis 
thaals tm tbt osisiaal of He* ^aaan Mi, 
doiMi widar aar otiparvlaloa* 
C I^hanaad 0ha£l ) 
Xt M f •xyMM mr Amv 
9f to MOM. Sluufit vli* 
fiilkjoot ill this tli«ci« miA htm • •oiuitMit 
•0iuo« of fttiAaae* ant Iwly «•• Z MI thftidcful to 
f i * f « Huuftt CliftixMMit fioiMurtMBt of f)k]r«io«» AXi«Aaeli 
RtttXi* tteiTOvaitjt fov oxtoaiiai m fseiliti** of 
tettloioii IiftliesAtoiqr* 
t m vozar wieh tlumlefttl to lloliA* Ij^rm^ iiho«o 
OBtlimaioMi for tho oubjoot lias zomUaoA m ooMtont oornxoo 
of iJMyizatioa for ao* Rio ooaaomta aaA ooaotzuotivo 
•nffootioBo liaro foao a loaf najr ia «iTia< fiaa3l oteyo to 
thio voak* My opooial tliaides axo iwo to Br* MoM* Safar 
for aaar onfiottioa mA atiamlatiac Aiooaooioao oa tlio 
oaliloot* Xaaar iiooaoaioasvitu 9r* AIMlmr I1m» 
9»* iliafit UhmUI at Tarioao otagoa of tliio woik Iwfo f*ovo4 
M f f i a for m for vldoli I as ioofir ^lAoMoi to tlioa. 
X m aliio tlunlef^ to Br* Afma JkimU, Or. ffaiit 4»ia» 
Br* N.S* Akaaa aai Br* Si^oor Hma< for tlioir holfiaf ImoA 
vlioaoiror it vao rot«iioi ia tlio koiiro of aooi* 
- i t -
t mm Am9 thukkm U Nv. namhmmttH mrnrnXn^ My. mit^rnt 
AliB«i» Nr. JUkwmx mwA My. Aklitftv «li« HAf « i t 
i^olk ikmf hmrm Awmym mm 4it«i»f '11m 
eomsM of MMpllfttim of tHi* 
Mir ttmaki ftx* s I m Mx* 8li*hl4l All th« 
luuM ««»lc of •owmiag srA Nv* t m i f ^ fmm t7fia« 
tliia mani«e»iipt* 
I Ml tlMskf^a t« MtA KaaaflBf OMMdLtt««» 
ttaailii falMB f9»t tmAiMt* 0»IX«f«t 0h«lijft)MUi9i»« 
tmx MllvrlBi wi %9 join f»lloviihl9* 
Ik* ficuMiolal •••isttt&M fvoa UlBilYVvalty 0sai&t« 
OonlMloBt is sXao aolE&oirl.«dg«4 with thanks* 
( o n u u i ) 
jomsM, 
fli« a««exi)i«d in ^tm thMm AmwUm « •taAy of 
•iativ«ir«i«3L« yioAtMtlM fWMM la •ntisgy 
I AmIs vltli tli« mmudet, 1»»i«f 
w&rtww of ttodftlo 9109000A to oipXala tlto oxporiaonfol 
MOiiXtf Oft mltlpArtlolo pxotttotioa oaA etotoMat of tho 
yxooottt pxoUloo* 
la Ohaptov XX» a briof doooxiptioa of aaoloav oantlsloa, 
•ooliaaioa of tsaek fozaatioa» dotaila of otaoka laood, aotliod 
of ooaaaia«t olMsifioatloa of ooooaAair tsaoka, oolootloa 
ovitoxlat thoomitloal aa4 oapoxiaoatal AoaoHptioaa of mvioaa 
taaOle yavaaotoam oto* hmm %ooa clwa* Za oaA of tliia 
<maptov» attboAa of iAMtifloatioa of %}m ooooaAaxy pavtioloo 
teTO alao %ooa AlooaaooA* 
eiAptoy IXX Aoaia vitk tho goaoiaX oliaiaotoxlatioa of 
Uaokp gaoy oat olMiioir -Haoko ia 400 Oof pvotoa-oanXaioa 
latoiaotloao. looaita oo olitaiaoA kavo iMoa oon^ aaoA vifli 
Hio vooiato ia s'-ioaal.aioa ooUiaioaa at 90 fof at otlios 
oaoigioa Maoa^awoXoaa oollioloaa* ftaAy of tbo aoaa 
aoiaaXiooA amtipXioltyyoai ooal.ia« of mXtlpIiolty dlatvi* 
imtioao of tlio oltaiioA oImwov pastloloa liavo liooa Aoao ia 
toxao of ovoatoA oliavfoA pavtioXoa* 
- iY • 
Ohftptvr ZT hftv* h99n dtT0t«4 tor tli* miMij of 4iff«MBt 
eh«z»ot«xl«%l«« 9f atiiiui •Mify 9»ztlol«s fsetaMt im 90 
n'-Mnraltion 00l.Xi«l0B«» ii«mXj fx*ta«aoj of oalooiott* MifttiMrt 
MOMatittit tSMnsvorM ft&A leBgltiiAiiiikl MMttttui Aiotxibiitioui* 
OozxolAtions botvooa oaioaioii fvoquoaoloo of pxotono* 
dOtttoxoAOt tsitotto ftsA iLov pioiMi md ^ ^ ^ oBd < 
baTO %o«ii Ai«oaoood« Oopondoaoo of oa<Vg> oadcll^oii 
<:Hj^ > for dotttosoa pzod»eis« hwp« boon dlooiuitod to otudy 
ttio M l^toaioK of dotttoxott fxodttotion* 
A ooMMxy of tho vozlr dooovibod im tho tliooio oioiifvitli 
tho ooacltidiiid soaovko i « civoa la Ohaptov 
g f f f f l l f f l l 












hint OF 1X00118 
LIST OF SA3I.B9 
k hvimt iatxoduotlOB on faadsen 
-Buelton and Ii«dxozi-^uol«u8 
lnt«v«e'tlOB studl**. 
• •« 
• • • 
• • * 
• • • 




t i l • 
KiL 
1,2 } llod»l0 of iiQlti9«rtiol« produo*- ... 6 
tloii. 
l*2.It Xntroduetioa ... 6 
I«2.2t Xatciuiuol««v easead* i&od*l ... 7 
1.2.51 m.ffsaotlv« iixeltatloa aod«l ... 8 
1.2.41 Hydsedynanlottl nod«l .«* 9 
1.2.51 BaaxiF flux ea«e«d« nodal .. •' U 
1.2.6t Bybvld aodal 15 
1.2.71 Oohaxaat tuba aod^la ... 14 
iitatamant of tha pxaaaii't ... 15 
freblau 
Safaxaaeaa ... 20 
XI t SIFliffillliyiAli yiCTHOTt 
2.1 1 Xatcodttotloa ... 22 
2.2 t Oatalla of tha ataoka* aeaanlai « . . 25 
•afliod and alaaalfloatloa of 
tha tsaaka. 
2.2^11 dataila of ataaka uaad ... 25 
2.2.£f ffatliod of aoaaaias ... 24 
2.2.3t Claaaiflaailoa of traoka ... 24 
2.3 1 Oaaezlptioa of fxaok paxaaatava ... 25 
and aathod of aaaouzaaaat. 
2.5.11 Eaaga. ... 26 
must* 
Mmmw^m^w wlatioa «•• 27 
Zoai«fttioa» 50 
2,5«4i 55 
2.5«5t 4 1 •omtlidA ••• 3B 
a* 5*^ 1 B»3.t»»»i|r« ••• 59 
2«4 t Md M-lhod «•« 59 
of lavitifleatiAii, 
l«f«»iii0«« • • • 42 
caiFfsB-iii • g ^ H j J I ^ W ^T 
5*1 t iBtxedttetleii ••• 45 
5»2 t ••• 44 
5.5 I KultiiiUoitjr of kmi iy «•• 44 
loaislBi 9urtiel««. 
5.5at I.^distsilmtioii. ••• 45 
5«5*2t Blmk "pmm 4S 
3*5»5i Miiltiplioitsr Aitttillmtiom of ••• 49 
fsojr tmoko* 
5.4 I Utpoaioaeo of <r%> and 55 
< % > oa tlio of tlio 
aac^oaot A. 
5*5 i iUftfalair diatzilialiioa of isoy ••• 54 
tsaoka* 
5.6 t noltiplielty aiatil^tioa of ••• 55 
5«7 t Mayoiraloa aaA ita •axriatioa •«• 60 
5*8 t |}oi>oa^ eaoo of < I|i> oa a1»»lo ••• H 
aaas* 
5*9 t Koaoata of Aiatxi^tioa ••• U 
5»10 t ifoaa aoxMStiaat «dti9liei'ty« ••• <18 
V 
5*11 t !>ofoaioaoo of Noaa aoxaallaod 75 
aaiti^liol'ly oa A« 
5*12 t OtyoaAoaoo of aoaa aozMllifOd ••• 82 
•altitXiolty* 1, oa 
5.15 t Soaliai of aaXtipIioitr diatvl- 85 
btttioa in hti^ k oaoi^y iMAieoa* 
aailooa aai ]uiaxoa**«ao3Loaa 
ooIXiaioaa* 
- Tli -
n a u E . 
3*14 I Jkngfidms dlttsitoiitloii of vhoiras 89 
3mX5 t Ooaex«latlo&t b«tvt«ii » a t l9 l i * ••• 92 
elti«« of pAvtloIts* 
5*I5*Xt Tarlatloa of < 92 
mm « faA«ti0A of 
3*15*2t ot< S^Tk^  •ad<Hg> •••• 93 
aa • ftmotiOB or Sw. 
3»15* 31 VmxiMtX&n of < ^ % ^ tuad < > • •« 95 
wl-th 
OopOAfttnoo of^H^>» tad 93 
M • ftootioa of ® 
Boftsoaeoo ••• 95 
aaiF®Ba-xf 
Jbtit' 
4«I I Xatseodttotioii 99 
4*2 t Szpoxiuoatca dotailii ««» 0^0 
4#3 I faluts of < ^ I > «ad 
for dlffoxoat typorof OToats*.* 101 
4*4 t iMlooioa fiv^oaoioo of pxotoaot 103 
d9tttosoao« tritoao sad olov ?ioa«« 
4*5 s lalaaioa fioquoaoloa of partioloo ••• 106 
aa a faaetloa of < , ^ , 
»ad^If>» ft ¥ f 
4* 5*1 I Vmseiatloa of fso«iioaojr of oaioaloa*.* 10( 
of partloloa ifitlKlh>« 
4.9.2 i Doi^ adaaoo of oaloaioa fvofttaaoy, ••• 107 
<f>, oa <'ll->. 
4*5»3 I Bofoadoaoo'of <f> oa< 9v>. «•• 108 
4»$*4 I Taviatioa of < f? wiHh<r lra>. 108 
4*6*1 t 90f0ai0B00 of oa^ for •«• 109 
dotttozoa psodaoiag otara? 
4*6*2 t Oofoadoaoo oa^V^>f»r 110 
doatoxoa yvodttolag otara* 
4*7 • KoaoaHa diatslbmtloaa **• UO 
4*8*1 t Oovxolatloa botvoaa tha aalaaloa •*• 114 
aafla aad tho aoaoata of tho 
pastloloa. 
4*8*2 t Aa^iilar dlatrllmtloaa of pavtloloa*** 115 
• Till -
m u E . 








0«9«xiA«iie« of < > oa tihow 
p«rti«l« •oltlplieity. 
irftri*1iio& of < > with ?m»tiolt 
•MO* 
Oopoadoao* of< p% >on •Blsalon 
Aimlo. 
LoBfittiAlWil aoaomta dla-tribatlons* • 





Oopo&doAOo of<ipil>m tho shovor •». 122 
partlOlo BUltlplioity 
Dopoadottoo of</p2l>oa Hhm pastiole.. 123 
Moa* 
Tadation of< i p« | > with •nisaioa • •. 123 
aa^o. 
EefoxeiMoa ... 124 
OIIA?fSBp»V SOKilAET W^D common 
Bofaxoaeaa 
LIST Of HraLZC/?I03r3 




mi r^ mm§ 
OUA^TBR - XX 
2.1 ~ Tftrlfttlon of g with r^slduid 
xmig9 for diff«x«iit pATtloI**. 
2.2 * Taxiatlon* of blob toaoitlos 
iiitli doptb in OHQlolon fsoa tho 
oniloloa oiurfAOO* 
2»3 • T«rlfttioii of ^ vith o^ O^On 
Aiffoxont 
2*4 - Kaoo apootinw of piurtloXoo 
idtatlfioA by tho a-^Kotbod, 
2*5 • V«rifttioA of tho intogsal 
tttinbos of doXttt^ s«3ro vlth 
nslftaAl saii«o for dlffoxoat 
partloXoo* 






Htatlpllolty diotrlbtttloii of 
htftiriXjr ioaisiai partioloo. 
?ftn«tioa of < Kj^  , ^ Olid 
< with oaosijr. 
• ffoltlvlloity dlotribatloa of 
bXaok txtoko. 
> MttXtlplioitj dlotdbtttloB of 
gmy trsolco. 
> Tho dopoadonoo of < If^ »< 
•ad A. 
> Aacular dlotrlbiatioa of gxoy 
tsaOko. 
• • • 
• • • 
• • • 
• • • 





























- ilttltipllolty distsi^unoAa of 
• TftrlAtioa of ir,> 
• Taxlatloii of < «aA < 
vitH iiieidoiit onoirgy* 
... 
vltl) 
• Tairliitioii of B with ^  for 
OMBlalOB. 
« TovlAtloa of » uriLthc far 
ffuro targoto* 
« Bopottdoneo of < on A. 
• TmsiAtioii of wltfe 
•• TaxlaMoa of Q^ t «ad 
oaozigjr. 
• TajKlatloa of k f ^ 
- TaKlatioa of 
•ad vith oaorgy. 
• Variatloa of E^ ,^  aad E^ vlth Sj^  
• i}090ad0a00 of a aad p oa oaoz^ 
A plot ^otwooayCs*) aad i« at 
400 M 9*la oolliaioaa. 
• k i^lot aad a* at 
30 9o? «*la oolliaioaa* 
• T)-distslbatloaa la dlffosoat 
• n*<i*tvl^tloBa of ahovor 
pavtloioa. 
(a) Taviatioa of<: 
4 with \ 
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1.1 A hrl9f intMAttotiep on Hyiron^mioltoa and Hadron-iiuoXtua 
IftlfUffllfffi l ^ ^ l f i 
High Phsroles Ims ronained for a long tlaa poorly 
stadlad Ijranoh of Fhyalos ooaparad to th« aXomaatary r^artlola 
physiot and tha traditional loir anargy nuolaar phyaica. Those 
ooonpiad with tha atudy of tha propartlea of alaisantaxar 
partiolaa oonaidarad tlmt the study of tha intaraotiona of 
tha partiolaa vith aaoh a oompleiE ayatem aa nuoleua only 
oonplioataa tha piotura and therefore oannot provide any 
information useful fbr elementary partiole phyaioa* At the 
aaae tioe phyaioiata oooupiad vith the atudy of the nuoleua 
iteelf in turn regarded high energy phyaioa v i ^ great 
dietruatt oonaidering that need of taking into aooount the 
ooaplex prooeaaea aaaooiated vith the pion produotion and 
the produotion of partiolea of other typesvill in aaaenoe 
lead thea aeay froa the probleaa of nuolaar phyaioa. tiater 
in-veatigationa haera, hoverer, ahovn ooavinoingly that the 
atudy of the phenoaenon ooourring in the oolliaiona of high 
energy partiolaa vith nuclei ia very important and in many 
oaaea ia the only aouroe of obtaining inforaationa both on 
aleaentary partiole phyaioa and nuolaar phyaioa* 
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EmxXf nork along ttila diMotion vmt limited to tho 
studios of tho intoraetiong of tho oooodLo vagro in auoloar 
omaoioa'*' booouoo ooonio rayo woro tho only souroo for 
high onorgy particloo* But thoso otudioa voce not ooneluaiYo 
hoeaoso tho natuzo and onoxgy of tho inoidont partioloo woro 
not aoouratoly tooim. Dao to tho laok of eomploto knoirlodgo 
of tho inoidont partioloot ono ooold not got basio informa-
tion about tho moohanioffl of intoraotion. With the develop* 
ment of aoooleratore, interest in these studies were revived 
beoause the aooelerators oould provide beams of knoim 
partioloo having oontsoiled an orgies and fluxes* With the 
help of high energy aooelerators* it has beoosie possible to 
probe deeper into the stmoturo of nuoleons« 
Initially, the multl^ sptrticle produotion in hadron* 
nuoleus oollisiomvao considered a oosplese affair and 
therefoxre, its studies wire genex^ly ignored* Th^  attention 
vas foousaed mainly on the studies involving hadron-hi^ron 
interaotiomat high energies. These studies provided 
suffioient amount of data on multipartiole production in 
the hadronie eoUieione. Various theoretical models were 
proposed to explain the experimental findings on multi-
partiole production in these interactions. Hovever, none 
of the models axe capable to account for all the experimental 
features of hadron-nucleon oollisions satisfactorily. The 
incapability of theee models in explaining the experimental 
3 
svtttlts b«oo««0 «ox« pxoBlnsiit «h#a ftppll«d to th« oaa* of 
h«4roa*nuolou0 Intemotlons. 
Attontlon is now mgtJLn bo lag foouosod oa tho studios 
of liadxDa-aueXotts oollisioas at high oaorgios* fhoro ««ro 
rarious rtasoao for tho roTlval of tbio iatorost« Tho basio 
roasoa for the latorost Is tho phsaoisoaal suoooss la apiilylag 
the Glauber theory^ of sniltiple soatteriaa to aooouat for 
tho attoloar offoots in hadroa-attolous oollisioas* The soooad 
roasoa Is tho posaiblXity of aeasurias hadroa-nuoXeon 
oross-seotloas for the hadroas vhioh deoay i la oXeotromagaotio 
7 n 
aad stcoag la teraot ioaa*The third roasoa is the roaliea* 
tloa that tho torestl^atioa of tho nultiplo produotioa la 
hadxoa^auolous oollisioas eiay provido iafoxniatioa aibout tho q i p 
aea^aaisa of hsdroaohadzoa oollisioas^ beoauso tho hadroa-
auoleus collisions offer tho tuni^ possibility of studyiag 
the space -time dorilopiwat of the particle produotioa a 
prooess^f vhsre as tho oxperiaeats oa multipartiole produotioa 
ttsiaf auolooas as tho target glTO data oaly oa the asynptotlo 
state obserrsd sad heaoe oannot yield lafomatloa oa spaee-> 
tiae doTolopaeat of the produotioa pxooess. 
Naltipartiole produotioa processes ia hadroa-auolsus 
oollisloaa are studied uslag the oouater* bubble ohaabor, 
sad nore geaerally the emulsioa teohaiques^*^*^^« Bussa 
et al.^^ have studied the iateraotioas of pioas vith Tarious 
eleaeats like C, Al, Cu, Ag» eto« at FISKL eaergles* The 
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tazg«t attOl«l AT* hoM>8«a«oua and oa» oan attiily tmxg9% 
•is« of •arlout paraMt^irs aoearatcly* 
Hoir»T»rt on* oan aot dlr«etly 00BtMir« th« txiMiriMataX 
results with tht •anatioa data baeaoaa larga aagXe 8«ooad*rles 
dim 00% 3saoord«d la 0Qfant«r~t9Qihnl(|tt«* In eioalslon 
Boat oonplata trao« of tha iataraotloa la recorded whloh oaa 
proTida aaxlnom iafomatloas atiout tha lataraotion. A drav-
baok of anolsioa atadlta la hovevor that tha iataraotloaa 
vltb varloua typas of auolal of anolaloa oaa aot ba aoparatad 
out unaabiguoualy* Tanoa* tha atudy of imOIaar iatasaotloaa 
vith a partloulai? kiad of muoXaua aalng auoXaar etmilaioa oaa 
aot ba nade, Xaapita of it a lialtatloaat tha molaar 
aimasloaa ara atllX vary aaitable for atudylag the suXti-
partioXa psodaotion piooaaa baoaaaa of thalr vide raago of 
aoaaitivlty, tha poaslbiXlty of avaat by avaat atudlaa la 
tha 4% gaoiaatry aad high angtiXar vaaoXutloa* AXao, la tha 
aooXaar asniXaloa data* tha aiualMr of haavy txaokat Hj^ t 
(dtflaad la Ohaptar XX, Sao* aalttad la atara la 
lCBOva» so thara la asetsa laforoatloa about tha degxaa of 
axoltatloa of tha aaoXaua «id tha dagxaa of oXoaoaaaa 
batvaaa tha laoldaat partloXa and tha targat auoXaua* Xt 
la la thla xaapoot that oxpaxlMata ualag anuXaloao ara 
aora aultabXa to atudy tha anXtlpartloXa pxoduotloa pzooasa* 
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To obtftltt tht iafonntioiis on %h§ d«TAo]w«at of tho 
produetion p»e«8«f It is me^tBmxj to hsro the kaovXodgt 
&a to bow tho pxoooaa it taking plaoo* Tho noaa fs»o path 
of tho inoldont hadsoaa at saffioiaatly high axwrgy is 
fa« suffioiotttly aaall ooaparad to tha aa^aar disaaaioaa. 
7hu8t auoXai can "ba ooaTaaiaatly uaad aa tha aaalyaar of tha 
matipartiela produotioa pxooaaa. If tha aialtipartiela fiaal 
atata ia foznad ianadiataly aftar tha ooXXiaioa, thaa aaoh of 
tha partioXa produoad ia tha firat oolliaioa will intaraot 
with tha down atzaas amolaoaa ia tha auolatta aad aa intra-
aaoXaar oaaoada will devalop* Oa tha othar hand, if ia tha 
iaitial hadroa«aaoXaoa ooXXiaioaa iatarsadiata statas ara 
foratad «hioh daoay outsidu tha aaoXaua* than tha omteoma of 
tha hadroa^ aueXaua ooXXiaioaa ifiXX ba <mita diffaraat* la 
tha foraar, tha aoXtipXioity viXX gsow mpidXy vith tha 
aaavgy aad tha targat aiaa, tftiiXa ia tha Xattar, tha growth 
if aay, wiXX ba a aXov faaotioa of tha targat aiaa aad 
aaavgy* 7ha ttonaatiui aad aaguXar diatrilmtieaa of pxodaoad 
partioXaa viXX aXao ba quita diffaxaat ia tha two oaaaa. 
Thua» oaa fiada that tha auAaar phaaooaaoa paxnita a 
gXiapaa of tha uadarXyiag dyaaaiea that oaa aot ha aaaiXy 
aaaa ia fsaa hadxoaHftuaXaoa ooXXiaioaa at Taigr higheaargiaa 
whaa tha auahar of partioXaa oraatad baooaaa rary Xarga. At 
Xovar aaargiaat hovarart it ia poaaibXa to atudy ^a foraatioa 
of raaoaaaeaa by atadyiag tha oorraXatioaa batvaaa varioua 
fiiiftX atftt* piartiol«s. In Itiis ••nsa nuol*tt« aott a8 • 
•p«e««>tlM d«T«lop««at aaal7««r of noXtipartioXo pxoduotloa 
psoe«88» Th» «beT« hm v««alted In tbt rcvivsl of 
lat»r«at in t)i« studlea of hadiRm n^ucIttuii ooXIlelo&ii. 
CoitMiq««iitXy» a ntvabor of txporlmonts li«,Te ^rfoxntd 
duvliMi *®c«iit yoAra,^ *^*^ ® Various ^araoterlstloa of 
hadzon^ naoXeiia Intaraotionn teav® b«eis aaaXysad to dimw 
taatatlra ooaolttaions* 
1»2«I Introdttotioiig For explaining tbe various 
•xriarisentaX roaults on lauXtipartioXo produotiont largo 
nuntter of modols liaTO been nroi^sed fsoa tine to '^ lae* In 
generalf al l the autdele hser* been grot^d into tvo oategoriee* 
naaely, single step oodels (3.3.H.) and double etep oodele 
(D«3.H«)» In the single step oodele isialtipartiele final 
states a2?e asouned to be fosntd Inetantaneously after the 
oolllslon, l »e*» in a alnile step* In the double step faodele 
the asyaptotlo states are envisaged to be seaohea through 
Intemediate steps* i«e*» produotion is TismUsed to take 
plaee in two steps* The double step node be nay be farther 
subdlTlded into two groups* One group ooasists of the models 
vhere the ineldent particle Is assuasd to interaot suooeasirely 
with a muaber of nuoleons inslds the nuoleus slon@ its trajeo-
tox7 and thereby generates intexiBediate states* The nuolear 
oraitipartiole final state is thus a superposition of the 
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ind«p«nd9iit oontzilmtlons fsoii al l 1ili«8« states* Tha othor 
sroap ooaalatfl of Ihoaa aodala vhara tha iooidaat partiaia 
la aasaatd to iataraot ooUaetivaly vlth all tha nuolaoaa 
along Ita tsajaotory and foxn a alalia aratan ahioh finally 
eoatrllmtaa towaxda aulMparticla fLnal atata* Tha dlffxao* 
tlva axeitatloa asodal^ ""^ ^ and tha anargy flax oaacada iiodal^ 
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fa l l ttnd0r tha foxMV a^oap md tha hydzodynaaioal modal'''' 
aad a wm^av of xaamtl^ davalapad ta^ ooaa la 
tha oatagozy of tha lattar gasoap* 
Soaa q:aalltatlira faaturaa of tha diffarant aodala 
mntioaad ahova ahall ba brlafly dlaoasaad* In tha oatagory 
of tha elnela atap laaohaniam only tha oaseada etaohanian has 
boon dlaouaaad vharaaaftindar tha doubla atap laodala* the 
diffraotiva axoitatlon, tha hydrodynaaloal» tha energy flux 
oaaoad@t tha hybrid and Oohaxant tuba modala hava boon 
deaorlbad* 
1*2*2 latranuolaay G a^oadf ifodali Zn tha oaaoads nodal, ona 
aaaunaa that tha inoldaat hadffon oollldaa aaooaaalvaly vlth 
a nuabas of atiolaona Inaldo tha nuelaua produolng aaoondariaa 
iastantanaottflly whioh aay hava aaffieiant aaaxglaa to produoa 
taxtlarlaa and ao on* Thua a-nintza-aaolaar aaaoada la 
devalopad. Aa tha alaa of tha targat auolaua inoraaaaa* 
tha probability of aaoondaxy iataraotiona laoraaaaa* Thua 
a atxong dopandaaoa of tha final atata partiolaa oa tha 
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taxigvt in th« •ntrgy of th9 laold«ii1i partiol« 
ifiox»a9««» 7h« nod«l mrtdiets ft and d«9«aftaiit 
•ftXu« of tho softii muibos of hoavy proB«o»< \>f whex^  Hj^  lo 
tim autt^ ev of pastioloo idth rolatl'vo ••loolty p< 0«7 for 
8lii|lil.j ctiargod partlolos* 3aoh a pioturo ean oxplaln oxporl-
a«B%al data on th« averagt ohoiror Aultlpllolty < aad<H}j> 
ttj>t»^23 OoV. 3ut at hlghor oaozgios It ssoesly OTOxoatlsates 
tliofi>« quantltios.^^ 
MffMflTft la th« dlffraotiw 
exoltatloa nodel^ * tho p&xttolm pmdtiotlOB is Tlsualiaod 
to tako p3.aoe thxoxkgh th« dlffsaotivo oxoltation of tha 
oollidiag hadroaa* Tho fivot oollisloa of the hmm partiole 
irltli a oonatitueat of tha aucHaus prodttcas a fast aad olov 
exoitad atate of aattar* Tho faat ona oontlnuea cough 
tha imolaua with a maaa fraa path identioal to that of tha 
Inoideat partiola and oxeataa aaothar alov axoltad atata in 
aaeh aubaaqaaat oolllalona vith a naolaoa. Aftar tha faat 
atata aaasgaa trm tha naolaue, it daoaya la to 
partlalaa» vhila aaoh of tSia alov axoitad aystana P 
partiolaaf irtiara< daaotaa ^a arara^a aumhar of 
saXatlTlatio ohazgad partiolaa pxoduoad ia hadzon-hadvoa 
ooUiaioaa* Haaoa* If tha aracaga a\»bav of oolXialoaa of 
tha baaa pairtloXa md it a axoitad atata in tha auolaua is 
^ thaa tha total noaliav of ahargad partidlaa psoduead la 
9 
eoXllsloa of tb« bvui pwrtlel* vltb %li« attol«tts» m j b* 
•xprtt9«d ast 
80, 
- I • I ^ ^ A . . . ( 1 . 1 ) 
ia auabtr of ohax8«d partiolos pxo(Sao«d 
in hfi^ von-nuoltttts oolllslonc and H^  is oaXIad tho ataa 
nosnalisod matiplioity. 
1.2.4 mmm^P^ mm* In Landau's hydrodynaaioal 
isodai^ t^ tb« aoXtipasrticla pniduotion is •Bvisagad to take 
saaoo thsou^h two distinct stagos. Aftav the ooilision of 
tvo hadxons an iateiasediate state is fomed in liiioh the 
whole of the ertesfiy is oonoentrated in a vezy small cegion. 
Th9 Tolme of the intemediate syatem* iamediately Ibzmed 
after the ooUision of hadronst is too saall to contain well 
defined nuaber of partioles. The systen evolves into nolti* 
partiele final state when it expands into suffioiently large 
•oltme to aeeoijbdate the final nuaber of partioles. This 
expansion is zelativistieallsr hydrodynaaio in character and 
is desexlbed by the eelleetive variables like pressure and 
entropy. Vhen a proton eollides with a large nudeus* the 
Landau* s aodel views ths proton to cut a tunnel through the 
nueleus. Since all this takes place daring the intemediate 
t JL 
ph§M9 Of 1lh« atvl7 hadronlo mm.%t9T whtii pMrtloX* 
oountliii Mdras no unoltfts oateadliMS praoludvd. 
7hl« th«ox3r pir«4iet« m mek d«p«iid<3ae« of th* n!altlpXi0lt7 
of th« ox»«t«d pArtloX«« on th* ais« <«f "kh* struck iiaol«ti«» 
This mod«I prediota energy deoendwioe of the raultt-
plieity la PP oolXiaioas as < A a^^^, where a la tho 
square of the oentre of laftss enesfiy and an extension of this 
taodel to hadron-amolaus eolllaloas lupliea that at high 
eaerglest the hadzon vlXX eolllde vlth auoleoas at rest* 
where la the mean auBber of oneXeons ooatalaed la the 
tuhe traversed by the laoldent haidxoa. Howevery alace la 
this nodeX maXtlpXlolty grows as b^^^ and for the hadroa-
aaoXeus ooXXlsloas square of the oeatre of aaas (C M) oaevgy 
" transverse notloa, we expeot 
R^ . 0.92 A^'O® 
whleh dlffers^^ frea iSq. A speolaX feature of this 
a»d«X Is that the eXastlolty deflaed as the average eaergy 
retalaed by the aaoXeea^  Is ei^seted to be Xow slace there 
are V^ aaoXsoas la ths flaaX state* whlXe at the aaae tins 
the fsaotloa of eaesgy radiated la ^ e fozn of oreated 
partloXea la aet expeoted to be meh greater than la a pp 
A 
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Limdau*s MoAtl prsdiots appzoxiMttXy tht sam Xiatar 
onshlp b*tir««ii j 
for 9p eolXl«lona« 
rtXatl a vaaa D aiid< for p^nueloua eoXIi9loii8« 
1*2*5 mtmi.Mm. fftfiMt f^fi^ tap* Oottfrtod^, foxxowlng 
th« opint of tho Landau* a h^ d-codjniaBileaX iiiodeX» has 
•ttggaatad ttiat it 1« naaniaaXass to ooasidor iadifidttaX 
partioXa atataa ia tha irvr^ r sta^a of tha produotloa aad 
that ooXXaotiva YariabXea asa aora appropriata. Ha haa 
propoaad tha aaargsr flax (maeada eoodaX*^  Xa thla fisod«iX 
oraoiaX aasuaptloaa arai 
( i ) foXXovlng a hadroa^aaoXaoa lataraotioai aa axoitad 
hadroale atata (anargy fXax) la forsad* 'Shlo aaarijr fXax haa 
a rapidity dlatrilmtloa of natter althia it* i^io^ ia tha 
saita aa obsarrad aaymptotio rapidity diatributioa of tha 
prodaoad partioXaa* Baoaaaa of thia diatributioa of Xftpidity* 
aa tiaa pspoeaadat ^ a aaatjgy fXax aa^ paada spatiaXXy irith tha 
faatar eoapoaaat fomiaa tha haad md tfXovar ooapoaaat fomisi« 
tha taiX. 
( i i ) aay portioa of tha aaar«y fXiix vhioh haa a aiaa 
aquaX to ^at of a aiagXa hadroa (ia tha rast tram of tha 
aTaraga rapidity of that portioa) baharaa aa a aiafiXa hadroa. 
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With thtM ftflouBptiontf w« eaa aiiftljra* qu«Iltfttir«Xj 
a* to what happaas la a hadxoanuolaua oolllalom. 
Aftas ^ a flrat ooUlalon, aa aaaxgy Aox la fdxaad. 
It azpands and afttr travailing aaa maaa fzaa path la tha 
mad turn r It oorsaaponda on tha avarai;a to tvo hadxoaa R^  and 
Hg* Ona (I^) vlth appsoaelaataly tha full anars7 t of tha 
laoldeat pavtlola and tha othas (H^) with anargy ti 
thasa vaxa no dovnatsaaa nuolaona» than tha faatar ona (Hj^ ) 
v l l l dlalntagcat* Into >p pairtlolaa and tha aoftar 
ona (Hg) In partlolaa* Hoiwrar, If thay coffar a 
oolllaloa« In i^loh n^ ^ and and hava again 
anavglaa'^B and'^ B^^^ sespaotlraly. fha aoft hadson Hg 
pvoduoad In tha flvat oolllalon la too aoft to oarscy on and 
It daeaya Into nartloiaa In tha aacond oolllalon. 
Aftar travaralng tha nnolatts, tha anazgy fltuc will bsa^ up 
Into one hadxon with anaxgy'^S and Vaoft hadsona with anargy 
so tha nultlpllolty 
and 
Thua, thla aodel pzadlota aaaantlally anargy Indapandant 
•alaa of E^ In oloaa agraanant with tha axparlMntal saanlta* 
Howawar» tha Oottfrlad ood l^ la In poor agraanant with tha 
'k - 1 I ) (2.3) 
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dfttft mt low •iMViics.^*^ thm iiod«l. f its th* eosaie nqr datA 
quit* v«ll and nils agz««B«nt ^ooats mmn b«tt«r i f th* 
data of h«aT7 prisaxy bzwakup •Y'anis as* eonaldaMd*^*^ 
X«2«6 Hybrid itodeli Asis and ^afar^^ psopoaad a alnpla 
aodal oalXad hybrid oodeX for BoXtipartieXo produotioa in 
high oaoxgy hadson-aaoXoon and badroa^auoXous eoXXisioaa* 
foXXovixig aBauaptloas ara mad®* 
( i ) Tho araXtipartieXo finaX stato is reaohad tbrough 
tha fomatioa of intansadialw atataa* 
( i i ) @ttbj0O% to a hadroa-naoXaoa ooXXiaioa, tlia psoJaetiXo 
and taxgat pasa throa^ ih aaob etb»r aad oontribata iadapaadaatXj 
tovarda tHa aontiar of partioXaa in tka finaX atata* fha ntmbar 
of partioXaa etamning oat fron eaob of tha taxget and projao* 
tiXa, ia ioiramad by tba aaargsr aaaooiatad ^ th thaa ia tha 
oaatxa of aaaa ayataa* 
( i i i ) Zn a hadcon-^oXaua ooXXiaion* at aoffioiantXy 
high tha baaa partioXa aaaa a Tary thin anoXaua 
(dtta to iboraata ooatraotioa) and thua iataraeta aiauXtanaouaXy 
vith^* auoXaona Xyiag in tt of atioXaoa aXoag tbr; 
trajaatoxy* 
it f ) Aftar tha iataraotioa, tha nuoXaoaa aquaXXy 
ahara ^a aaargy aaaooiatad vith tha tar<at and bahava Xika 
iPazaitad objaota to giira iadapaadaat ooatvibtttiona tovarda 
tba naaibav of fiaaX atata partioXaa* Tha auabar of partioXaa 
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8t«anl]i(i out fvoB •a<fti «eT«xii«d by t!i» m^ziy ftstooiatcd 
vlth tteta. 
From tills tb«y bar* girsn sslatloa fov Man noxwillsad 
asttltlpllolty^® 
M a .ft m II fl " a < ? irs/i 
and sinoa 
E^ » (V® (%4) 
Whare e is tha 8({tta£a of tha total C*M, anergy in hadroa^ 
Quolaon eolllaiona and la tha aquara of C.enargy in 
hadron-nuolouB oollislona and a la to some axtant merss^  
indapandant ooaatant* 
Fsora thia thay fbimd that E^ la aaaantiaXly indapan-
dant of anargy iihioh mgfm with ascparlaanta* 
1.2*7 Cohagant Taba Modalat Tha main oharaotasiatio of 
thia piotmia^^"'^ ^ for high anargy smltipartiola pxoduotioa 
ia that tha tioa aaad«d for tha fdzantion of tha nultibody 
final atataa in hadron^hadxon eolliaiona la so long that, 
in a high anargy hadxenHAualaua araltipartlola produotlon 
prooaaa* tiia nuolaona la tha path of tha inoidc^t hadron 
Inaida tha targat nnolaua oan ha Tlavad aa aoting ooUaotlTaly 
and in a firat ordar appsoxination oan ha oonaldarad aa a 
alngla ohjaot ( or tuiha of nuolaona or aa affaotlva targat )• 
i r: ± J 
7hi« hadroa*«ff«etlT« «srf«t Ofta ooxisi4«x«4 by 
tb« saM phyiioAl piotiUMs mm timt U9«d to d««oxlb« %hm 
ooUlcloB tvo haAiroiis* Ii«t ^ b« the nu»1i«r of 
auoXooao aad H bo tho mi«9 of oaoh nuolooa* Lot E bo tho 
Xaboratozy oaorgy of tho oaoh partlelo, ^o offootlro total 
oontro of aaos onoxgy squaroA for tho latosaotioa of tho 
Inoldoat imrtlolo withV aaoXooao Is 
8y • 2VBB • y 8 ^ whoso 8 « 2 KB 
Xf < in tho Xaboxratovy feamo tho rapidity dlotrl-* 
btttlon viXX laojcoaoo la Xoagth aad olisttXtimoouoXy aoTO 
baokvards duo to tho ohaago of tho ooatxo of maoo oaorgy* 
p^Mm^ 
la tho pjToaoat study tro have attonptod to lairootli^ato 
acme latosoatlag and uaofux ohaimotorlatloo of hadroanraoXouo 
ooXXlaloaa tov atudylag tho noohaalon of iatoraotloaa at high 
onorfloa* Barllor oxporlnoata oa hadsoaniueXoua Iatoraotloaa 
woso doao ttolng boan partloXoa fsoa aoooXoratora to laroo-
tifato anoXoar straoturo aad to atudy tho auoXoar ovaporatlon 
pzooooo* Tho attoatlott of wot of tho workora* thorofoso 
roaalaod fooaoaod aalaXy oa tho atudy of varlouo oharaotor* 
lotloa of Xov aad MdlttK oaozigy partloXoa aad Xlght fva^aoata 
ottlttod la thooo Iatoraotloaa* Tho atudy of roXall^oXy aoro 
oBorgotlo partloXoa produood la thoao ooXXloloaa romalaod 
aXaoat uatouohod booauao tho lanroatlgatloa of tho aaohaaloa 
I G 
Of thzough th» loiaXyaia of tb» data on 
haaroa-»aueIott« Intosaetloas wmm oonsMtfrod to xmtbor 
a«S9y affair and attaation va«t th0X«fos»t foeusaad oaialy 
on the study of hadron-nuoltOYj ooXllaions. 
the Interoat in tho study of hadron-nuolous 
ooXXiaioas has fltown ooaAidorably during the recent years 
beoaase it has t>een realised that the izrgreotisatioa of 
faoltiple prodtsotion in hedrDa«««tuolem8 oolXisions stay provide 
infomation about the neohaaiaai of hadron-4iadron ooXliei^ t^ia 
also* i'lirthGrt the study of hadron^^uoleus ooXXisions offeyta 
unique posaibiXity of studying space-tiae dcrreXopiaent of 
DartioXe production prooessf whereas the ezperis»nta on 
amXtipartioXe production using oucleon as the target give 
data on the asyoptotio state observed and henee can not yieXd 
infomation about the spaoe«time d^eXopaent of partioXe 
produotion* AXthough some efforts esiperiinentaX as ifsXX as 
theoretioaX have been mad® for vinderstanding the phenomenon 
of nittXtipartioXe production In high energy hadron^nuoXeus 
interaotions,atteiBpt is stiXX being laad^ s to generate reXiabXe 
data for studying this probXen in detaiX* Farthersorst the 
studies* partieoXasay on the anguXar and nnXtipXioity distri«> 
but ions of the charged secondaries prodvoed in hadron«nuoXeus 
ooXXisions» are net exhaustive. 7he situation In the case of 
pion*auoXeus ooXXisions is even worse* Ooiapared to the 
proton-nucXeus ooXXiaione* pion*nuoXeus interactions are 
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Buoh I «M atudlvd • la f«ot, vtsy f«ir •siptxlatnts hvn b««a 
done to InTfstlgat* th« ehaxaettrlatioa of ploo^ueleua 
lat«ffaetloa«. V* !uiv», thtzafosa, ond^stalMn a detaiXad 
•scpaslmatal ia:ir»«tl«atloa of the intosaetioas of 400 
pxolvaa and 50 claVir«««9oa9 irlth aaalaion ntielal. 
MttXtlpllolty distntmtloa of ahowera* blaok^ 
and haaTily ioalalas trat^a* haire bean atadlad and thair 
aaan valiiea < ^ and h&re beaa detawilaad* 
Furthar, oorzalatloas batwaaa aaoh pair of thaaa pasamatara 
hfcra baen imrastl^atad* Attampt haa alao baea sada to 
iavastigata tfea depaadenoa of< "'g^  t^*^^^* 
tba targat alaa and tba aattira and anargy of tba psoJaetlXa 
by comparing tha valtzaa of tSiaaa parastatara obtained In tha 
praaant analyala with thona obtained by other workera. '^*"^® 
Analyala of tha reaulta on ohargad ahoirar partiolaa 
hare alao bae>fdone* Batallad atudy about tha mean nomaliaad 
omltlpXiolty» H^ t hava been sade* In order to have proper 
ooaparlaon of E^ vlth the •alueaf'redleted by Tarloua aodeIa» 
a aodifled analyaia of E^  haa been oarrled out taking B^^ aa 
the ratio of either the total or only the created charged 
partiolaa la tlM flaal atate of hadron-nuoleua and hadron* 
aiioleon eoXllaioaa at the aaae eneray* Although it la vary 
dlffiealt to have exaet kaovledge of all the final atate 
partiolaa* partloalaxly la the oaae of hadron-«aoleaa 
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ooXXlttloaii, «• !)«•• •OMwrlMA aagg«stloii0 md* by dlff«Mat 
vez1c«r« to B^ at Tttrious ao that Ita 
eoapaidaoa vith tha Taluaa px«Aiotad by dlffaxant «od«Ia 
baoaaas naaaixigfia* 
Xt haa baan abaarvad that vhan tha data la aaaXyaad la 
tama of tha osaatad ohaargad i»arti<aaa, tha aoalias fiuiotlon 
y ( «M • c«* irlth « • 2a5 impmmntm tha 
ottXtiDXloity distvlbatloao obaatirad in hadconMmoXaoa and 
hadron-aaoXaua intaraotloasfairXy vaXX* Tarloua nomanta of 
imXtipXloity dlatrlbatioaa haro baea oaXoaX t^ad to inTaatlgat* 
tha psooass of partioXa produotion in xm e&d pA Intaraotloaa* 
Tha atudiaa oa tha aaguXdv dlatslbiitioaa of th« ohaznad 
shovar pavtioXaa la taxaa of paoudorapidity, n^doflaad as 
T) m -Xa tan ehoir that Tj-dlfttrHratioa ia targat fsagmaatatloa 
mglon ia ladopoadeat of onargy of tho proJaotlXa aad 
dopenda oa tho targot amaii* 'So test thia txaad at hlghav 
aaor^laa aad on tha aaturo of pxoJootlXa, m hatra oxpavl-
aaataXXy atxidiod n-dlatrlbutloa ia 400 OaT pcotoa-aonaXaioa 
aad 50 OaV a'-aauXsioa iataraotioa*. 
Va faoX that for a thorotigh inTOatigatlon of tho 
aaahaain of auXtipartioXa prodiiotioa, oa« ahoaXd taka iato 
ooaaidaxatioa, tha pzoduotloa of aot oaXy ahowar partloXaa 
but of fiMy partioXoa aa iiaXX* tha ahoifar traoka axa 
prodaoad noatXy by pioaa aad tho gxoy txaelca ara maiaXy daa 
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to pTOtonu, d«ut«roii8» t3eiteBS» H*«-iiael«l and i(Lov plons. 
Heao* for & detaiXod and oompxchonalvo lii'wstigatioa of 
th« pxoewm of partielo pxreduetioB, stiidj of tho 
p3?odiiotlon of those partioles should bo uador takon and 
various oorxslatlons Isstwisn tbs oharaotorlstlos of tbsss 
partloiss shotad'Iooksd into* 
Wo hmire InTOstlfiateci various ojniaaloii oharaoteriatios 
of theso i>artiol«8 prodtaosd in 30 «^!aulalon intemotions* 
anissioa frequeaoisa of protoas* do«torona» trltoas aad alov 
:3ioaj3 haw baea dotontiii»d# ITarlatioa of the seaa osjiaaioa 
frequoaotas of thsao psrtlolss irith< ^ aad 
beea atisdlad* IJepaadoaoa of <= oa-^ rr^^ aad 
< oa< for deutaron prodaoiaa stars Imr® baea ias^aati-
Qftted to study tb© moohanisia of dautaroa aroductioa. Soraa 
iater©«itiag aad ira^rtaat aapaota of tmaavarae and loagi-
txidlaaX laomaata of thaas aartiolaa auoh as tl^ a dapatidaace of 
^ &nd<\n^>on aartiole aaB«» aagXa of amiaaioa and ahowar 
pax^iola ipalti?Xioit7» a to* hava eXao baaa iavaatS^atad. 
1* !f. Blmn 9M H* ^atnse 140 (1937) SS5 
2. mxum oi. ^ O f Roy* Aim (1.949) 125 
Psoo* Flisra* ^ ^ (19^) 250 
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tluoltar Stsaow« (1967) 11 
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X)i« otudi«e on luidzoA<-nuoItu8 iat«raetioii8 havt 1i«tii 
Oftffrl«d out ttfling aaialy th« iiueX«ar wralfiion end In son« 
Ofts«s oounttr and 1ml»bl« ohoabtr t«ohniqu«8 aiso* Haol«ar 
eiBttltioa la mdomid vith tmique spatial and ionisatlon 
rasolution irhioh makaa it an «xo«Xlant dataotor for atudying 
tba hadxon»nuolau8 ooXlisiona* As ouelaar analaion is a 
aanaltlTa dataotor capable of recording all the Inforraatloos 
at>oat tha avanta for var^ r long pasiod* tha ooraplata hiatory 
of tha ohaxgad partiolaa etajr ba aaan \ty mma of traoka 
raoordad In tha amnlalon* 
A nuolaar amulalon oonal^ ^of thraa baalo oosiponents 
(1) sllvar hallda, ohlafly bzo&tlda vith aoaU adnlxtura of 
lodlda (11) calatlna and a plaatlolaar* auoh aa glyoarlna 
and (111) watar* Vban a ehargad partiola passaa throngb 
aattXalon, it intaraota with tha aleotrona of tha atos of 
tha aadlna and thaxaby tswafara aoaa margy to alaotrona* 
If tha anargy txanafaxvad to an aXaotron la ^roatar than a 
oartain vaXua, known aa tha ianiaation potantlal of tha atom, 
aXaotzon boooaaa fsaa and th* atoa la aald to ba ionlaad* 
As a raauXt of tha ionlaatloa af tlia atOBa» soaa of tha 
hallda graina ara aodiflad in aaah a way that on iaaaraing 
n 
It ic th« r«duein« tofttbt onllcd th« d«T«lop«Vt thigr mm 
tiim«dl Into grains of •ll'vor vhloh apptni? bXaek* Ilma^ 
tho txajootorloo of tho ohii^od pArtloloa in onoXsioa 
totoooo TUiblo mm m oozloo of M.aole g«aiiis» oallod tho tmck 
of tho partioXo* fho txttok of ft 9*rtlolo la nuoloav oHnaolon 
ropvoooato irsrlotts ohumotoriatics of tho pmrtiolo* Tho 
ohoorvmbXo psopostloo of m tsaok ia oi&ialolOB aro its rango» 
loaieatloa, ooattorlag^ oto. The oharaotosiatioa auoh aa 
fnaao aad onovgy of tho partioloa may he obtained if theae 
obaervablea mv aoaaaxod and the zelationa ah!oh oonneot 
thera idth imrloua ^nantitioa aire kaovn* Vo ahalX noir deaoribe 
the detaiXa of the oxpexiaental pxooedttxe adopted in the 
preaent iaveatlgation. 
2*2 Petaila of the staoka. aoannini; method and oXaaaifioation 
fff 
DetaiXa of ataoka uaedi A ataok of ^S emuXaion 
eacpoaed to 400 OeV proton bean at flSIJi haa been uaed. Eaoh 
peXXioXe waa of «ie aiao X9 x XO x 0.06 om .^ The fXuz 
denaity of 'ttie priaary beaa protona vaa ^  5 x XO^  protona 
per oa^. Another enaXaion ataok of HXKPI tjpe E-pXatea» 
oonaiating of X5 eirooXar peXXioXoot eaoh of 6.2 oa diaaeter 
and 600 iia thlokneee expoaed at aerpukhoT (U30R} to 50 OeV 
W^aona bean haa been uaed* The fXux denaity vaa'^ XO^  
partloXea/oB^» 
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2.2*2 ttetlidd of 3a>niiiaiii mats pxoduead m « 
Ktoialt of iatttsftotions of iaoidoiit paztieXoo with OBaXaioa 
naoloi mgr Ho analyaod to doxlTo iafozaatloa alwut tlio 
9»)>l«ao of iatosost* Hoaoo oao otarto his larostlgation 
vi-yi -kho ooarehias of UhloU aro rofervtd to isbs stava* 
fho PX00088 of ooarohlnii of stars lo toioim at 'soaimiiiK** 
Tho platoa voso aroa sooimod usla^ Coo)co*8 H»4000 serloa 
aioroaoopos ifith 10 x objootiirsa atid 15 x osro-pisoes* 
aoanniag efflolonoy iraa ootliiatod 1»y tlw astbod of ropeatod 
soannlng by dlffortnt obsarrerst Tho ostioatod valuo of the 
•ffioloaosr for erssts Is 99%* In ordor to avoid any 
slfinlfleaiit aoBsntua spxaad in tha baaa particlast tho stars 
vith pri&ariss lying vithin 2^  of tlto msan direotioa of the 
prinai^ were dhosea* In order to ensure that a star is due 
to a priaazy^ the primary was followed upto the edgo 
of the plate. 
^ Tr^k§$ The aeoondasy tracks 
hare been classified into different gzjoups aoeording to 
their specific ioniBation, p which is defined aa m g/g^, 
where g and g^ are Fo%rler and Fei^ins paraaeters for the 
seoonAary tracks end the plateau ionisation of a relatiwistic 
singly charted partide respectiwely. 
tgjff^t k n n u ikmnm p u f M n * i^^oks of 
hearily ionising particles are those vith specific ionisatlon 
g^l«4* The total miaber of saoh tradca in a star la denoted 
n 
hy t3NMk« h«r« cn1idlYM«d into blaok aaA 
tmotes and tholr muiboxs «ro donotod by and 
xoopootlToly* Tho %snac« h«vin« vpoclfio ionlsfttlon iT 
gsoAtor than XO aro known as bXaok txneka. Oxty traOko 
aco thoao Whooo si^olflo lonlaatlon Ilea bowvoon tho nago 
1.4^ d^ s 10. 
(11) Sliovar traokat Tha traoka with ^aolf le lonlea-
tlon X«4 aro tasnsad aa abovas traeka md thalr nuabar 
in a star ia danotod by 
2.3 Baaeglptlon of tiraok oagaaatara and Hatbod of aaaaarawantat 
!?lio txaok of a fairtioia nhiob ia brought to soat in 
aauXaion ia more f«raasabl9 for oarsying out anaX^ a^ls than 
tha onas idiieh nacaly paaa 'trough it* Mhatbar a partiola 
atopa or not» it ia oftan Doasibla to identify it by aoaauriai 
any anitabXa ooablnation of any two of the foXXowlng track 
faraaatarat 
( 1 } fUuQsa 
( i i ) Zonisation 
( i l l ) Soat taring 
( iT ) DaXta-raya 
Via now diaoaaa tba oalSioda of aaaauraaanta of tbaaa 
traok paraaatara. 
Suet* totid dlstaiio* trarovttA a 
pttrtiel* In » Mdlust btfox* eosiiig to r«Bt» is fh« 
r«iig« of th* pAvtlelo la tho sodiiUB. Tho dlstaaeo txaT«v»td 
bj a oha]:8«d 9ftrtielo» vlth kiaotlo onoj^y Sop oMiinfi 
i 




ifhoxa -dK/dx xapraaanta tha rata of anargy loss of tha 
partlola. 
In aiBulaloa vosle sanasaXly t!?a vaaldtaal raiaga la uaad* 
Tha raaldual sanga la daflaad aa tha axiiaotatloii *7aXua of 
tha path la&gth saqolvad bafora eomlog to caat* 
It ahoold ba aaatloiiad haafa that tha partlola xanga 
la laia laagth la tha mpxooaaaad aeiiilalon. Aftav psooaaalng* 
tha aaoXaloa ahrlaka aad oadaxnoaa othas dlatoartloaa* It la 
fooad that ahlXa tha luuMyaatad paXIlolaa laar aoffar both 
latasal aad ravtloal ahsla1cataa» tha aoiaatad palXlolaa 
eoaaaaly uadaxgo l^a Tactloal ahadalcaia only* fharafoxa, 
va ha^ ra aoaountad for tha TavtloaX ilivlakaga only la ooapntlag 
tha raaga* Tha Yavtleal i^rlakaga faotort S^ t la glvan by 
3, - t/t* ..•(2.2) 
vhaM t aad t* aza tha thlalcaaan of tha annlalon bafOxa aad 
aftar tha pzooaaalB« xaapaotlraly. Tha ^^ t l t l a a that aza 
k, i 
mx9 dip and tha X»agth of pvojadtlon of 
tht traok on tho plant of tho osnloion* Xn an idoal eaao 
of a atrlGtXy straight txaok, tho tsno vai^o la g/Lwtxi aat 
a « • S ^ ^ ) ^ ...(2.5) 
vhara X le tho lonith of tho pxojootlon of the traok la tho 
Xl-plano passing through tho origin and Is the dip with 
cftoijoot to the KT t^^ lano. 
Xn praotloot the path of a particle la not straight 
heoaiJse of eoulonb defleotlons that It suffers diudLng Its 
isotlon. The traok Is then divided Into n laxge number of 
straight segments. !?he length of any segment* sas^ t 1th, 
» m b© equal to ( l | + whor© X^  and ^ 
projooted length and dip respeotlveXy. ?he sum of the 
lengths of fbese segments vll l be etual to the true length 
of t&e traok. fhU8» the range mas^  be oalouXated by using 
the relation 
R - l : d i ^ > A2 j i - ...(2.4) 
1- i * « « i 
mbere n Is the number of the segments Into liiloh the traok 
Is divided. 
2.3.2 ytHfigf-Bfiffgy relation between 
the energy of a hoaogeneous group of protons and the mean 
range of the partloles In the standard O2 emulsion vas 
o o 
••tabllshva by •sptvi»Mits with tli« •rtlfloially mwlmmt^f"^ 
proto&ii and d«at«roii8 and with i>ftrtlel«« psodUMd la aiiolamr 
•aoXtiono for •noxgits upto 10 Fox hi«h«s •ntxgits 
1>*tv««n 10 ttad 500 mVt z«l«tioii Mty xtpiwsaotodl by 
AS t<[iuitloii of Hbo foxm 
B • K K" (2.5) 
vhoro K and n aro ooastaato* 
It is oowionly asaiaBitdy m a ••xy dooo api3£oxisiatioa« 
that tho rate of onoxgy loas of a hoafy iiartiolo in travoralag 
a slvon siodiwii* , der^ endg only on its volooity and 
oquaro of its ^axigo a* fim mngo^onoray relation for a 
partioXe of Base m^ and oharge e oan then be deduoed fron 
the relation for proton vritiag H » ^ , uher© b l is the 
proton Baas* It^thereforei follovs that 
ii^ m K (2.6) 
Xhe constant8 in the ^ove eoipirioal relation for 
pxotons are sii<& ISiat if E is measured in sioxons then 
energy will be expressed in MeT« 
E^  « 0,251 (2.7) 
The oorresponding satiation f » r K-aesonst isH9iiesons> 
deuterons and tritone are as f ollowst 
o 
k , 9 
\ m 0.192 (2.8) 
S, - 0.U3 R®'^^ (2.9) 
Bj, « 0.336 ••• (2.10) 
Bj • 0.398 ^^ ^ 
tn th« lib MAO* of th« eaptnr* ahA loss* th9 
sm8«t*«i»xaj 7«l«l!ioii fiBir m imvnt niaoltut with eluuiA m 
moA mso UOB^CV M gkwn hy 
B . 0.251 ^^ ^ 
whtrt B l8 aMMUxad in il»V anA E in aiexons. fJcm oo£X«efciA4iiii 
•tufttloii» fSos ^ ^ 
Bg^ 3 • 0.889 ShJ^^ 
• 1.004 ••• 
Ba«sil«« of liho p»rtlol«« licvo boon noMuxod vuiiiMi »ol«tioii« 
(2.8)» (2.9}t (2.10), (2«11)» (2.13) OBd (2.14). for thU 
9ttrpoM» -ttio rMigoa of tlio pAStioloo Iiato liooa aoMnueod 
diieootljr taT tlio otopplag txoolco. for BOii«»otoppiii|| tsmoko if 
( « « iT ) aothod is ««oa for tho ld«atifl0»tl0B of «ho povtlolo*^ 




leniaatioBt Th« loalMtioa eauMd by a ohaxi«a 
partielt aay b* •8tiB«t«d tiy iMMaviag ont of th« folloving 
qiiftiititlvs of txaek of tho partlolo« 
(1) axaia dinsity (11) BloD^onslty (111) Blob aad 
fiftp ( ! • ) Xatttgral gap laiigth (•> Hoaa gap Xongth 
(• i ) Dolta^rays and (vit) Trnok vldth. 
Hovavor, it It found that al l tha aathoda hava cartala 
l&iBitatioaa and noaa la apiaioabXa to all tarpo of tcaoka* 
Hasa «a will diaooaa ozily tlioaa nathoda lAiioh hava baaa uaad 
for tba idantlfloatioa of tha partiolaa ia oar asparinaat. 
< r^aia Danaityi Tha traole of tha partiola la 
aomlaloa appaara as a alauta trail of aHvar gralaa* Tha 
aorahar of dav«lopad gralaa par viait path laa^th^ taxoad aa 
graia dat:3lty« la fbuad to ba a raliabla paraaatar for 
astlaatlag tha ioaiaatloa oauaad by a partlola* Hovaver, 
tha graia darsity, g» la a traolc» oorraapoadiag to a 
partlotilar Taltia of loaiaatlon dapaada oa tha dograa of 
davalopaaat of tha aeralaloa* For ae<mrata reaoltat It la 
tharaforat aaoaasary to dataraliM tha ratio g , of obaar^d 
grala«>daaalty g, to oorraapoadiag falaa oa tha traok of 
any othar partiola of cliaiega a, aoriag la tha aaam amtlaloa 
with tha ralatlTlatio valooity* Tha aoraaliaatloa ia baat 
Bdda by ^ooalag tha eo»parlaoa traok of tha ralatlTlatio 
parti<aa ia tha aaaa rtgioa of tha aanXaioa. 
o 'J O i 
Cii) i^Watinityt ompr itiw93^ «10v partioxtot 
0Oai« of tii« grminm of tha traolc ar* tOf«th«r to form 
m l>loti« Tkw gmia oomting on auieli a trmok la aiffioult 
tieoaoA^  cmmttBiH^  of eorrtKst of ^^ 'imlns is not posNsil^ o* 
In «uoh c iSOSf the nvmbvr of indlvldltully rosolTed graina^ or 
r^ottp or :pnklnot ia ooioitod d^Lliiioiit disorlitlnatini? i»«itwo«ii 
%h9B or lilitosapting to eatli^to the numbor of grrxinm in tiui 
oluot«p» .I'^ iis is knom mmtioB'** It om 
AppHed for liotittd rmffta of th« valuoa of ionlsiitloa* 
^owlor and j^mekim'^ harm girmi a rslstlon eoimocting 
Dlob dmdity 3 to ^ 
J » g (a.iSi 
-vlioro oC ie a pariii5®ter nhioh is JLar^ Xy Aopmdont on tfa® 
sxuin aiso* It is also iiffsotoa ti'iO iiptiotal 
r'MOlutioa of tli« mioroseoj^ o and tl'^ e oc i^vflffition osiployi^  by 
partioalar fiio vmluo of lioa ^mtwem 
to Ovtitm* fho ir«Xu« of ocin ow* oxperiwoiit is 
«li«ii tiMi iottisfttion is dstoimiziotf bar the bloli oooato 
(tioast statistiosX srror in asiisarsnsiit of io^iisatiaa 
is osiouUtsd fffOK^ 
f ' I k -
For loir imluss of f t tits *1>ots rsiatioa tsads to for» 
Aft ^ J s « /W ^ — C2.I7) 
Th« •ftXae of th« pftnuMtvv hui 1»««a d«t«i!Mia«d by 
MfttttTliig th« bXob dtasitlts, oa it nvwbor of pzlaaz7 
traoko by eouatlng at loast 1000 bloba on oaeh tra^« Sha 
•arlation in blob daaaitlaa vlfh dlffazant zaglo&a of tha 
Plata and fxoa pXata to plata waa fotmd to ba alaoat 
aagliglbla* llg« 2*2 alioira tba variation of B^  with depth 
In anulaion* Sha valuaa of g^ bava baan dataisalnad tiiaina 
tha ralation* 
\ • ao (-€©«) (2»18) 
(111) aiob and Hathodi 2ht8 method vaa first 
introdnoad by 0*Ceallatfih®, O'eesLllalgh® observad t&at, 
at laaat o^ r a limited ma^e of lonleatlon^ the length of 
the gap (defined aa the dlstanoe batvaen the Inner edge of 
the oonsaotttlve bloba) ooourrlng in the traoks of tha 
ionising partlolae in nuclear eiaalalon ahov eseponentlal 
dlatribtttion of l^e f oza 
H(l) « 3 exp ( -g l ) . . . (2.19) 
where H(l) la the mimber of gapa of length greater than It 
3 la the nnaber of blobs and tha ooaffloitnt of the azponentt 
7 
g> la a naaatira of tha gredn danaityy fowler end Perklna 
have oonflxned the observation of 0*Ceailaigh^ on lightly 
ionising partioles and have slao ahown that the diatributlon 
ia exponential over the entire range of ionlsation lAiloh 





50 GeV n Ef 




l^OO GeV P Em 
KG 
0 40 80 
_l X. 120 160 200 
Dtpth 1/1 ifl) 
2A0 280 320 
FI& 2 2 VARtATlONOF BLOB DENSITIES WITH DEPTH IN EMULSION 
FROM THE EMULSION surface 
r) 'I 
oottid b« a«a«ttr«d* 
fh« statlstlOftX error in th» tBtaottrdaant of b for 
bXob and gap eoimtlns e«thod is glyan by 
%x4 
whors is nuaber of gaps eountod in a oertain lanath of 
traolt* The orror obtainoS froa the abore expression is 
sufficiently small if tite musber of tlie blobs ootxn^ ed in 
a oerlain length of the traofe is aseater than four times 
the number of gaps 
7 
The psoeedure suggested by Fovler and Fes^ins' Ibr the 
deterainatioa of g** is as foUovsi 
(a) lightly ionising particles #)en ga< Om3$» it should 
be deterained by blob counts alone. 
(b) For values of ga^ it ehould be detenained froa 
blobs and gaps eounts« The gap length should be so 
chosen that Ig'^ 2*5 and the nuaber of blobs counted 
is four tiaes the nuaber of gaps* 
acatter^n^i The direotien of aotion of a 
charged particle paesing through aatter gradually changes 
and soae tiaee it cftianges abruptly* Such effect is called 
3 4 
aeftt^diifi* Th« sotitttsiafi of • iiMrtieX* la ••tilsioii i « 
iii4i«p«iid«iit of th« omiliBloB sottsitlvlty anA of tlio doffvoo 
of dovolopMut. 
A Qliftrfiod partioX* suffoxs a lozio wmTfv of snail 
OOtllOBtb doflootloas M it A Mtorlal BMdltta, 
fho udditlvo offoot of a largo aitfflbor of •moh olnglo 
dofleotioas oonstitutea oultiflo oonloab soattorlng* fho 
eoattoxiag dopoado upon the flh«rgo» ^looity aad moaontiM 
of 1!ho partioloo* Hoaoo tho noaviixonoat of ooattovlaa 
oo\i!)l«d vitli vmm* loalxatioa glvoo tbo Infosmtioa 
about th« mass and oaoifiy of the partlolo* 
aeaa eaglo of soattosiag* a, la tho 
a£lth»9tlo aoan of th« abaoluto valiiaa of t}it« aaglo of 
dafXootioa ooxrsoapoadiag to a avusbor of t£ay«raale of 
equal tblokaeaa of mtaxial* kaoim aa o«Il la«ist':t» la 
datai!nlaod oacparlsoatally* thB aeaa anglo a (in dagraaa) 
batvaaa auooaaalva ohorda of tha traok la glvan b;^  
d®«««ea . . . (2.21) 
vhasa pv, tha pzoduct of tha partlola aonaatun and Yalooity 
ia axpraaaad la HaT» a la Ita ohasna, t la tha oall laagth 
la nlovoaa aad K la eallad tiia aoattarlag ooaataat and la 
AM 
axpraaaad^ P!«?«4agraa. K la obaasrad to ba a alovly vasylag 
fuaotloa of t» a and 
f i r 
t j j 
Two Mttiodv have btta •i^ ployod for a«t«snlniiij3 th« 
• • X u t of 
( i } Oouatan-I o«ll tlso Mtbod 
(11 ) ConstAnt sftfiltta isotliod 
( 1 ) n U eoattsrlng 
pairam«t«C0 a* may ba dotaxmiaed by aatlmatln^ -the taaga&t 
to the trajeotovy at a mmbar of aqually tspaoad ^olnta alosig 
tha tsaollCt the derlatlo&a balng dedvtoed from the dlffexenoes 
la the snooesalire seadlaga* Bat the method la very tedloua* 
Hoveres fovler^ itaa auggaated a reXatl-valy aaales saetbod* 
In tbla method* tlie tmek of the pairtlole la allgmd along 
one of the dlreetlona of ootloa of the atage of tl^ e oloro* 
aoope (say Ji ^  axis}* ^he mlozoaeter aorev attaohed for 
motion In X-dlseotlon la ootred by eq*aal aiaounta and oiordl-
natea of ouooeaalon of eqtial 8i>aoed i»olnta alona the 
trajectory are detenalxMid by reading the poaltlona of the 
polnta on a scale perpendlotilar to the X-Hucla and attaohed 
vlth the eye«-pleeea. The angular donation a^* between the 
auooeaalve ohoxda can be deduced fxoa the aeeond dlfferenoea 
of the readlaga. 7he length through vhloh the mloroneter 
aorev la moved eaoh time la termed aa the** oell length", o. 
The mean of the abaolute Talue of aeoond dlfferenoea 
gives a meaaure of a^. QonTentlonallyt S^, la alvaya 
converted Into Sj^ qq ^ through the following relation 
— ^^ 
x i s a , (iga . . . (2.22) 
vh«x« ttj^oo^a m»mn aagulRr deviation in dogroea tos 
0 m 100 |UB. 
Hofrvrtr* tho valu« of Bq SO OBTAINFTD ia DIRS^S »D£8 
than tb« tra« sl^fi l of t!it tmek iseoauso o^rtain errors 
&r« invoXvftd In t^ ie ae&soroaents* !?h900 orxors ariso fxoa 
(1) 7h9 gmXn nolat fitd rsadiag arrors ( i l ) distortion in 
asiulaion ( i l l ) non«>Iiaa&rlt7 in tha ootion of the e!iiorosooT»e 
stage and ( ! • ) aimrioua soatterlng* T^ese errors are termed 
as noise* 
eone of these errors are found to depend on the 
oeXI-aength iniroXved* If the variration of this part of the 
"Vj ^ 
noise with oeXl-Xength he taken as C» the value of a^i^QQ 
eorreoted for noiste stay he obtained fmm the following 
relation* 
Where aeoond differenoes for the two oell 
aiaeat Oj and Oj^  reapeetirelsr. 7he errors are thua elininated 
by ealoolatlag the aeoond differenoes for the two oell lengthai 
U i ) gftattM^ WmltH atl^glt x& the neaaureaent of 
aoattering hy oonstant eell-sise aethod* it ia expected 
that the value of aeoond diffesenoea» !)» ohan e^a very little 
3 7 
OT«r thftt part of traok on lAiloh th« aeaaux«a»Bt i « 
oarri«d out* ohaogo la tho voXooity of tho pastiolo 
18 fTf 8M11 OTOs tho obs^rvnd longtb of tlio tzmok* Th«rofoxo» 
tho Bothod oaa not bo appliod to lov ttioxgj txftolco, i^xo 
•olooity of tho partiolo and honoo tbo valuo 0t t> tuv euoeo* 
oolvo oolX ohaagoo sapldlj with tho voaldual sai«o« A 
oonvlalont aothod of aoaanxoaoat on aaoh tra^o io to vary 
oontiatioiialsr ttio olso of tho ooXl» icoopiag tho psobablo valuo 
of D oonotant* h^o psocoduco la xwforrod to as 'ooastent 
oagltta aothod* and vao Intzodnood by loXtobook foi* 
a<^avtioloo and by nisnas sad BlXirost!} f i for 
other partloXoo* 
Taklag tho ponoir Xa« appxosimtloa for the ranao^oaorgy 
relation 9 It say bo sboim that 
a 0 ifi*^ Z^*^^ (2.24) 
whoso Is ooXX Xongth at tho roaldtxaX range thua« 
It la poaalbXo to ooapate for a partloXo of any aaas and 
ohargoy a oaoooaalTO •aXuoa lbr the ooXX slaoot ouoh that 
tho TaXtto of 0 soaalna oonatant oquaX to any doolred vaXao* 
Kaoa of tho partloXo aay ^ bo dotemlnod % tho 
foXXoiila« roXatlon 
« B- 2.276 2.321 0.581 
m i^) (3eo^) (Z^/Z) . . (2.25) 
o o 
0 0 
M^  • IX^  and Z^ dtnet* th« auia8» Man IMraXu* md 
ohATgo of kneim and Z is 
••tlnattd txom dtlta-ray eounls OT«r o«vtaia x»«idual zaiig*, 
tbt TAlu* of D is dstsrminsd f xoa ths ooastoat sasitta 
assmirtAsat^  is %h9 aa^Is of dip of ths tzaole in tbo onpro-
osaasd sauXsion. 
Qtnontll?, anglo 6 for solsetsd traoles is ssmll* 
$hei!sfoz«t in saeh oassa th« abova eaepMssion votald t>sooisa 
% 
( ^ )a.276 ^ J ^ 
2.5»5 4g OorgQptioat fhe ©atinod daseribad abova 
aooitxata rdanlta i f D is datarmisad by xtsing a larga 
QYiabar of oalXs* Iff bovavar, i^e nuabac of cells is not 
larga anousb* tha laxisa angla siiigla aoattars oay tmduXy 
inoraaaa tha ralua of t for iadiTi^al tra^s. lassa 
daflaetioaa dua to aiagla soattariag shottld* tbarafoxa, ba 
axoludad* Oaa of tha aa^od for tba pforyoaa ia kaava aa 
tha 4lS etit«off pxooadtisa* Za tbia paooaduxa* all iadiTidoal 
•aXaas of O* ciaatar thaa 4C ara raaoiwd* Tha eparatioa ia 
rapaatad t iU tha raiuaa of D ara ia 49 liait. this ia 
hawavar a tadious operation ia doiaing with loag traoka* 
A laas tadioas aatbad ia to raplaoa all tba raiaaa of D 
graatar than 4B by tha Talaa of itaalf• Tha aathod haa 
tha advantaga that tha prooadura for datarainiag 6 ooavargaa 
3 9 
nueh mov capidly that th« OM« la whleh lax8« sigaala ar» 
ooapX«t«Xy rtnortd. th« 4S rvpIaetsMiit Mliiod 
l8 moT9 oooiBenXy u««d* 
3*6 StUlstelt * ohmi^ cd ^arllol* passes 
tbrouiih aattsr, its sXsetvio flsld disturbs ths atoiBie 
sisotsons* Thsss intsxmotioiis soastituts ooXIlslons of 
vaxyinfi snsrgy transfsr in vhioli ths kiastio snsrgy of ths 
partiols is dissipatsd* Xf an sXsotroa ia ssasitiTS sssiXsioa 
rsosivss kinetio snsrgy saeesedinir 2KsV in saoh an eaoountsrt 
its traek bxaaehing out fson the oaia traok viXX bs suffi-
oisatXy Xargs to bs obssrTSd. Suob sXsotzoa tracks ars knona 
as dsXta^rays* Oas may aXso cpXX a ohaia of grains baTing 
projected Xeaath of atXeast X*58 im from the axis of a traok 
B0 a 6-
The formation of deXta^rays ia enoXsioa depends oa 
aany faetors. Shsse iaoXude ranfs»enez«y reXatioa for Xov 
•eXooity eXeotroas* the graia siee of the soaXsiotit the 
soatterias of thess iriXov eXeotroasy the seasitiTity of the 
eauXsion aad deasity of the baekKrouad eXeotroa traoks. 
As it is aot possibXs experiaeataXXy to make aeasure* 
seats oa aXX ^ s timoks* therefore, oae has to adopt csrtaia 
ssXsotioa oritsria for seXeetiag traoks for various 
4 0 
mtasuxvoi^ fita* In our Ms* t!i« ataouMMiits hftT* b««n dea« 
on all tht tmelcs having dip aiiglo<ll^ la tho ttn-pxooosaad 
•amlaloa, and having a longth>l»0 nm, ooirros^ondlng 
to at laattt 20 calls of otll langth 50 iab* 
Maaaarimnta fo r t bo Idiotlfloatlon of th« partloloa 
bava baan dona on 90 OaT -s-aaaon ataok* fha traok paraaatara 
oaaaorad for tha Idantlfloatlon of tba partlolaa are tha 
ranga, ooattarlng paraaatart a^  apaolflo Ionization, I" 
and Integral nnabar of d-raya* 7ha following combinations 
of paraaatara hava baan aaad for tba Idantlfloatlon of the 
partlolaa depending on the nature of the traok* 
CD Son-atopplng partlolea ha^ been Identified by the 
multiple scattering and nora^lsed grain density (H * if) 
setbod* The values of these tiro parajaeters are determined 
at the aajae point* Since the grain density Is Independent 
of Hie aaaa of the particle and depends on Its veloolty and 
charge, the soatterlng paraaeters for any tvo partldea 
having aaasea M^  and and unit ehaxge vhloh produce tracks 
of the saae grain density, vary Inversely as their aass. I.e., 
h 
>ff 
further, If one knove the plot of a and g for a known 
partlde, say pzoton, then slstllar plots for other particles 
nay be obtained. Fig, 2,3 shova such curves for various 

pa»tlel«8 obtaiasd by using tbit tmta* glTtn by BarkM^^ 
for pzotontt. 
ttA«8 distrlbatloa of a inuEidOM aanple of alagly 
oliarg«d partlolea ld«atifi«(l by (a - ) mthoS, is gi^o^ 
in Fig. 2*4* V« gwt dlatlnot peaks oorse9i>ondln^ to the 
aasa of the plon^ psoton, doutaroa and triton Indicating 
that the Idantlfloatlon le alooet tmaablguoos* 
(2) fha stopping partldles baira baan Idantlflad by oarsylng 
out lha following oat of a»aaara6»nt8t 
( 1 ) Mass datanslaatlon by oonatant sagltta method 
(11 ) aaaldual range vs Integral number of deXta»rays» 
Conetant cagltta mamireoents have been oarrled out 
on tlte 8topT)lng tracks to determine maa of the partlci.es 
using 1*0 (I and 0*3 t^  proton->aohe»es prepared by i?ay Ul jsl}^ 
and results so obtained were further oonflrmed by measuring 
the residual range and the Integral number of delta-rays 
over certain range of the traok* !?he standard curres between 
residual range and the Integral nujsber of delt»»ray8 fbr 
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VARIATION OF I HE INUGRAl NUMBER OF DILTA RAYS WITH RtblDUAL 
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Intorest in th« study of high •n9xgy hadron<-^ nttcleua 
intttZfaotiona in th« r«o«nt ytimi has oonsidsrabXy inessaeod 
imoauss of tlis i^osaibiXity of using nuolsus as an anaiyasr 
of ths apaos-tims devslopatsnt of muXtipls pcoduotion to 
disoriminats bstwssn various thsorstioal aDproaohes* 
Althotigb sons sffortst ssipsriflMtttal aa vsll as thsorstioal» 
haTS Doen made for understanding ths phenomenon of isalti-
partieXs production in high snsrgy 1 adton-nuolsua intsraotions, 
attsapt is being stilX made to generate reliable data for 
studying the problem in detail. 
In this Chapter, ve present the analysis of the data 
on 400 &eV proton-nuoleus interactions for investigating soae 
useful oharaoteristios of gzey and shover particles such as 
Bttltiplioity distributions for oompariag our results vith 
those available at other incident energies. Eesults on 
angular d istribution, KNO scaling and several other type of 
correlations have been analysed. A qualitative ooiaparison 
of the data vith the predictions of sons model approaches 
has also been made. 
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mp^umm^n pytf^ui* 
A staelc of Ilford ••tation* txpoMd hosisontalXar 
to 400 QoV pzo'lon iMMi at FIAL, BataTla, tr.S.A* bsa booa 
A 2 
usad* 7ha i&taaaity of protoa baaa la /v/ 5 x XO^  psotoaa/ea • 
liha aiaa of tKa pXataa aaad la X5 x XO x 0«06 en *^ 7ha 
aaXaetion of tha aroata la baaad on tha foXXoaiag ozitarla* 
Tha projaetad angXa* 6^ 9 of ttia psisaisy with saspoot to a 
partlooXas geld mask, aXignad along tha oroaa vira of tha 
mloroaoopa and dip aagXa 6 vlth xaepaot to tha oaatra of 
Intaraetlona vasa aaasurad* Tha Intaraotlona dua to priaariaa 
having 2® and 6 4 0«5®» aai» aooapted for d®taiXad ohaarva-
tiona and oiaaauraaattta* 7hua a random aampXa of 493 Intaraotions 
vith 2, vliaro danotas tha nuothar of traoka vith Innleation 
X»4 timaa tha minitmua ioaiaation» i^iob aatisfiad tha abova 
orltarla, vara ooXXactad by tha laathod of araa aoanning* fo 
oXasoify tha traoka into ahovara* gray and blaofe* tha aventa 
vora obaarrad \mdar 95 x oiX objHsetivaa and 13 x aya>piaoaa« 
Thua aXX tha aaaatumaanta hava b#an dona andei? a totaX oagni* 
fioation of 95 x X5« 
3.3 ^t Mfuniy imwi^M 
BaoantXy, Phyaloista aorking in high anargy phyaioa 
hava bagan to taka intaraat in tha atufty of tha oharaotas^ 
iatioa of tsaaka of aXov partioXaa prodaead in hi|p!i anargy 
hadxoa-nuoXaaa intaraotioaa* Tha xaaton for tha groving 
4c ii 
int«r«8t is pzobfttolj ooim«ot«d vlth th« aa^g^ttioa that 
of taemekff of wlov pArtioX«0 ••poolally that of tho 
fsoy trftoks, H^ t a €OO4 aoasazo of auabor of 
ooUloioao insldo • nuolous '^*^ oaAo by tho iaplafiaa hadron* 
To olioek tho pooslhility of any looo of ovonta vlth \ in 
our aaaplo, «• haTO oatlaatod tho poroontago of ovoato and 
find that thoy aso in tho ratio 0*60tX la tho latosnrala 
aad rospootlvoly. 1!h080 vaXuoo aco oonparahlo iflth tho 
smtlo 0«64tX obtalaod by Tsai-Ohu ot aad 0*59il obtalaod 
by AiEfianral ot al*^ la tho oaiso latosval at 400 Oo? p-mnoXoloa 
latoraotloaot fov corrooting tho Xoaa of ovoats vlth 
vo hairo uood tho roaalta obtalaod by other vo£kora^ by tho 
aothod of lino ooanalag* j^ hoy have fouad^ that oveato 
ooatrlbato/v26*3^g to tho total »tBplo» vlth n^mC ovoats to 
bo (16*5 ^ 1*2) porooat and evoata as (9*6 t porooat 
of tho total aaaplo. 
H}^*dlotrlbatloBi 3.1 ahovo tho H|^»dl8trlbatloa 
for p*>oaal8loa latoraotloaa at 400 OoT. ThB dotted Xlaoa ahov 
tho oorsootod mmbor of evoata after oorreotlag for tho Xoeo 
of ovoala* Tho avora«o valmo of heavy traokOf^ i^ d^ * 
ooaea out to be (7*44 * 0*18) • $hlo la ooaparable vlth ^ e 
valuea of < observed at other oaerglea glvoa la Table 
Approxlaato ooastaaoy of the value of < ^j^>vlth reapeet to 
tho projeotllo oaoxgy •n^geata that the prooeaa of dlalatogra-
tloa of tho tazfot la probably ladopeadoat of the laoldeat 
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•a«xiy. nowwv , i t Mgr bt aotiMd fn>» Tftbl* that ttat 
•altM of<! f } j> i s flli#itlar higbir for 9rcrfeoxi->«iBiU.sioii int9v» 
aotioa* than thoM fo r n'WtBttltion iiit«vaetioii8. This may 
ozplaintd bjr nodal appsoaobts In lAiioh tha diffaronoa batvaan 
tha inalaatio pion-suolaoft and pxoton-nuolaon oro88->saotiona M 
dlcao'Hy takan into aoooont* I t ia widaly baliavad that ISl^  
ia diraotly oorxalatad to tlia anraraga nuabar of naolaona 
paxtioipatlr^ in tha oolliaiona vith %1b» inoidant hadson 
inaida tha nuoXaua* Xf ao» tha abora raault noiild indioata 
that tha oaaoada pzooaaa doas not dominata tha taultipXa 
pxoduotion in hadsonniuoXaua oolliaiona* Bran tha aoat 
rafinad oasoada modal ofdoalationa'^'^y i^ioh aza oapabla of 
axplainini -^a t'alua of ahovar a ia t ip l io i ty upto ^ 
1000 OaV anara7f aza not abla to axplain tha oonstan<^ of 
<• at'^^100 Oa?» 
Tha diaperaion of 2i|^-di8tribation, dafinad aa 
M \ ) « haa baan atudiad. fha Talua of 
tba ratio haa baan oaloulatad md ita valua 
oonaa out to ba 1»11« Thia i^iiXtta ia in f a i r agsaasiant vith 
tha Taluaa of 1.09, 1.03 and 1*01 obtaiatd at 22*5, 50 and 
200 Oa? raapaotivaly.^^^ Tha valuaa of \>/B(ir,j) ) f o r 
ff^Biaaion intaraotiona at 171 60 and 200 GaT ara 1.12» 
1#14, 1.15 «ad 1.19 raapaotivaly.^^#14•1 jh^g i t ia aaan 
that tha ratio appzoxinataly tha aaaa fo r 
p-amlaion aa vai l aa x'-^iisalaion intaraotiona although tha 
4 8 
T&Xa« of < for p-«imtlalon ooXllBloiia i « tli^tXy hlgb«r 
thaa Its VftXu* fov eoUlsloii** H«r« elmo find 
that the dispersion of ths Hj^-^dlstrlbutlon 
I.e. , The oonetoaey of the rstlo /D(jrj^)) 
at sl l enexsgles Is Inconsistent vlth the predictions of the 
ossesde evaporation nodoOL for hadzon«>Quoleue collisions and 
stron^y supports the model approaches which tidce Into aocoimt 
the detflla of spaee->tlme evolution In sniXtlple production. 
The vaXues^^ of < n^yim'79 been slotted against Incident 
energies In Fig. 3.2. Xt nay he seen fcom the figure that 
< \ > slowly Increases vlth energy ttpto'^20 OeV md the-reafter 
the value of < remains almost constant. Further, variation 
of<I|^> vlth enex^y at lower energies Is In accord ^th the 
predictions of t } » oasoade model whereas the constenoy of < 
at higher ensi^lea Is against It* 
m m min'Pl^mii a high energy 
particle Interacts with a nucleus, a numher of ewrgetle 
charged and uncharged particles are produced. The emergence 
of these particles occurs In a rather very short time and 
after this the nudeiui remains In an excited state fbr a 
quite long time on nuclear time seia.e. The nucleus then 
de^xcltes. During the de-ezoltatlon of the nucleus, 
nude^ons « d fragmwits are emitted. This prooesa Is called 
nuclear evaporation. The trades producsd by -^ese particles 
A 
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ax« o«lX«d blftok tsaokt •xe«^ t> A f«y utiioh nay appear 
gray traokii# 
dlstarlbtttioa of blaok tsaoks la ahown in Fig* 3*3 
hy solid llnaa* 7h» oocraotion whioh haa baon appXind to 
aooount for tha loaa of vwmtn with or X, haa baan 
ahowa by dottad Xinaa* fha aTaraga ^alua of black proaga* 
< la (4»92 jK 0«15)* aTara^a numbar of hdaok pronga 
< at diffarant anargiaa ara givan in labia la baira 
alao pXottad In Fig* 3*2 tha areraga valuaa of obaarrad 
at diffarant aaargiaa* Froa Fig* 3*2 and 7able 5*1 it ia 
oOLaar thatc la indapandant of anargy and nattara of tha 
projaotila* oonataaoy of< ahova that tha atraraga 
anargy impartad to tha nnolai for thair azoitatlon ia vaakly 
dapandant on tha typa of inoidont hadron and its anargy* Tha 
ratio of<Jl^>aad diaparoloii nhara 
ia aqoai to 1*10 ± 0*06 iftiioh fairly agraaa vith t^a Talua of 
1*19 obtainod by Hlaninan at al*^*^ 
^mnpUflty ft om fmW 
Bialtipliolty diatribution of gray pronga for haa baan 
ahoim in Fig* 9*4 by solid linaa* Corraotion for tha loss 
of Nj^ aOtl sTanta haa alao baan ahoan in Fig* 5*4 by dottad 
linaa* Iha Talua of< n > ia (2,32 * 0*09}* Tha aaan valoaa a 
of gray traoka» < ^g>t for tha intaraotiona of protona « d 
plana vith aoulaion at diffarant inoident anargiaa ara givan 
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5 
aoXtipXloltjr pxoduotd la ]>«-«»il8ion eoXlislons is diff«stat 
tvou MBtasion int«»iotioa«« This nay du« to diffazaat 
oxoa»»s«otloaa for p^omilaioa aad ic*««naIsloa iatomotioao* 
Fxoa It la Amo aridont that tha avara^a min^v of 
gray tzaoka zoaaiaa praotieally oonstant with tha iaordaaa 
of Inoldaat aaargy. 
fha Talua B('^ g) « 
la aqual to 0*92^ ^ 0*05* ^Ma la oomparabXa vlth tlia valuaa 
of 0,92 I 0,02, 0,90 • 0.03» 0*89 • 0*05 aad 0.95 t 0.03 
olytalnod at X7» 50* 60 afid 200 Oe? Cniaiaeion Intaraotloaa.^^ 
Tha TaXaa of < H > /nd ) Im tha oasa of pA ooXXisioaa^^ is o 3 
0.88 ^ 0.02. 
Another intaraatlng feature Imreatlgated ia tha diffa* 
renoa between the oeea saXtlpXioltlea of heaviXy loaiaicg 
partloXee for pk and aA Interaotiona* VaXuea of < ^ , 
<N > for pk and iA ooXXieione In the range of 22*5 to 400 OeV a 
have heea presented in fahXe 3.X. It ia foand ^at the 
aaXtipXioitiea of aXX typesof heavy partioXea in nk events 
are lorateaatioaXXy Xoaer than pA eTenta. The TaXuaa of 
^ r g r r ^ » ^ # hnvs been given in SabXe 3.2 
^^tL^Vk < V p A ^^h>pA 
at 50 and 200 Oaf* 
It is seen that within error these ratios have equaX 
•Aiiie at both the eatrig^ea. In TabXe 3.2, we hare aXao 
given the vaXaea of < ^^ /cH^ for both the enexgiea* 
83 
f«WL» 5.2 - TaltMt of r a t i o , ' , , 
g pA ^ < "'h^ pA 
na4 iif 50 and 200 OoV. 
^ ^^ « « « « « « « 
Batio 50 aoV 200 OoV^  
- s f r ^ 0.83 • 0.05 0.83 4- 0.02 
< 
1.04 i 0.03 0.90 • 0.02 
^ r ^ ^ 0.98 • 0.05 0.89 • 0.02 
O .91 t 0.87 t 0*02 's^pA 
!? fflt W Bf O BiVlW ly cms iiJJ^SSWIB'Mtsy-
TalTM of this ratio ie flilso oloao to tho Taluoo of tho 
ratio«< l i g V P A - < ^bW^^VpA 
v« tako tho vaXuos of-^ «ii<l<r n^ at 400 OaV p-Sia 
ittta3?aotioaa md oorroaponAing TiaiMis at 200 OaV «»Bb 
iataraotioalt than abova amtioa fbr btfairiljr ioniaiufi 
partiOlaa ooaa out to lia 0.94 ^ O.O?* 0.92 • 0.05* 0.95 t 0«05« 
wtiioh ara aqual to aaoh othas md ooaparabia vith tha Yaluaa 
giraa in TaMLa 5* 2. It ia intairaatiag to aota that tha 
••luaa of thaaa zatioa axa naarly aq^ ual to tha ratio of tha 
ararago sunbar of ooXliaioaa oada hy tha inoidant hadcon 
iaaida tha anelauaj^ tha oasa of fA md pA interaotiona. tha 
5 2 
lft«t«r is tstiwitsa fsont 
«hec» ^^^HA ^ ^ nu«1»«r8 of oolXlsiotto 
by tb« inoidvnt pleiui and i^ rolons stoptetivvly la th« i«rg«t 
nuel*! and cr^ ^ and c^^ mm tlui Inslastlo oaK>0»» 
aaotloiis of plon Islaraotioas vith psoton and aucXal of aaaa 
nuabaif A and o^^ and ara oorsaapondiag YvOluaa with pcoton 
baaa* Gorlu at al*^^ and liaa at hava obtainsd tha 
foXloirisg salatloat 
< V • O.n (3.2) 
Ualng thaaa saXatloaa* tft© vaXtta ^ eocea out 
to ba 0.83 iftilcti la oomparabXa wl'^ tha zatl08< 
glvan In TabXa 3»2« <?ltarofoxa, < !?^>9ay ba takan to the 
•aaaosa of ^ a auoibar of ooXXlaloaa mada by tha laoldaat 
partlola laalda tha auoXaua* Tha TaXtta of tha zatlo 
7hla att«iaata that tha avaraa* nniXtlpXlolty of partloXaa 
pxodttoad la hadsoa^ aitoXaiaa ooXXlaloaa Tazlaa XlaaarXy with 
tha araraga auabar of ooXXlaloaa laalde tha auoXaua* 
r ; ^ JO 
3*4 l)<p»aa<no» ot< # < ^^^ and < f^ taa Sfmbtr 
f f ?i?af1 ^ f f l f i i A* 
f h« d«9«nd«ao» of < t < ^ ^ on luuis 
muB^ ftr of tiorgot naoXous is vor^ r laiportaiit* Fig* 5*5 ahovs 
th« dep«iid«iioo of< 0< and < on tho naaa nomber 
A for th« i&teraotiond of pxtoiacy pioas and protoao* 
oxpoxinoatal valws taay bo fittod aot 
'£he vaXut of oaitpoaoat a tsaj be obtaiaod tdtln help 
of iateraotion oxoas-sootioa of eatuXaioa auolai aa^^ 
« ••• (3.4) 
whar© a ©teada for n^r and ia th© amber of 
auolai of fiivaa aaaa ambac pas oa^ of oisuiaioa and 
is tha ovoaa^aaotioa Ibr iaaXaatio iixteraotioasof 
iaoidaat partlola with auolaus ooaoaraad. Usiag data tor 
< «2id f r s f a x t a o a and valtia of l^ i^ Oj^  
fxom rafazanoai9» m hara oaXoalatad tha vaXua of a for 
aXX typa of partioXas aad fbuad a aqaaX to ba 0*64 * 0*02, 
0.67 t 0.02 aad 0.66 + 0.03 for< ,< aad < 
xaapaotivaXy. Tbaaa vaXuaa of a asa ooapatabXa with tha 
•alttaa of Asiaor at aX.^^ Tha vaXuaa of o aee tabaXatad 








C z n A a Br (J J a_ 
Ij 0 100 200 
TH? DEPCNDENC i, J. 
< N}i>ON A 
2/5F 90 M O«N AAY THAT 
.2/3 < « A ^ ' ^ ( 5 . 5 ) 
I N A FALSLY V I D « • 4 0 0 ; 0 « V * 
F«)I2.« • VALU«G OF THE •ZPONMIT A GIVING TH« DT^ND^NO* 
OF < < , < ON A 
ZNOIDONT ^ > ^ IT ^ 
E N O W ( G « V ) < < < '^H^ 
24 0.76 t t t 0.03 
50 0.75 t 0*03 0.67 • 0.% + 0.03 
67 0.75 t 0.63 • 0.02 0.71 t 0.02 
200 0.71 t 0*03 0.67 • 0.68 * 0.02 
400 0,67 t 0.02 0.64 0.02 0.66 + 0.03 
THO DOPONDENCT OF < OAD < A A M 
WIOLI STSONGOR TSIAA TH» DEPO»DONEO OF <" OA A 
THI8 » T I I « 2 » F O I » , TOADS TO LADIOATO THAT TH« 
•TTISOIOTT OF SOLATIT IST IO I^RFIDLOB md HTAVILY IONIEING 
PARTIOLO^TOKO PLOOO THSOUGH DLFFORONT PXOOOSSOO. 
TO OTUDSR THT ONGULAS DISTVLLIUTION OF gcoy TSAOKO, 
POAEOONTAGO OF GXOY TSAOKS AGAINST DIFFOROAT IATOIRVALS OF 
•PAOO ANGLOA, HARO BOON PLOTTOD I N F I G . 3 . 6 A . FXOA THO 
FIGUAEO, I T IO CDLOAV THAT GXOJR TRAOKA ARO ONITTOD LAIVOLY 
tz 
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In tht foxvard dixwetlOB ^ about txaoSta mx9 In th« 
formurd divaotlon and tiia s«at in tht backward disaotion. 
aoMpaxlB« thia raanlt vltli tte angular dlatrllmtlon 
of isay traelea pxoduoad in 50 OolT «<»amaoion intaxaetlona 
the angular d iatribution of gray tra^a at 50 OaV haa toaan 
pXottad in Fig* 5»6b« In tha lattar oaaot tha nuabar of 
gray traoks in tha forward direction ia 68.9^. Theae waXuea 
are aXao in good agraenant with the value a obtained by 
Vinseler^ and Taai^ Ohu et al*^ at % 22*9, 200, 500 and 
400 OeV* ^heae raaaXta^tberefoca, tend to indicate that 
the grey traoka are laoatly due to reooil nuoleona* 
!?he ahower partioXe emltiiilioity diatributiona in 
different intervale of heavy traolza (^ii)* ^^^ been ahown 
in figt 3«7# In Table ve haw auaaariaed toe -f Hg> 
valuea* diaperaion l ) ( D « [ < H ? > o f theae diatri-
but ions and ratio ^ in different H «^>interTala« 
The values of < in the intervale 65 8 
and are oomparable with the viauea reported by 
Aggaratral et al«^ for p^eaolaion interaotiona at 400 OeV* 
Fro« Table 3*4 it ia dlear that < inoreaeea linearly 
with inoreatiing < • The variation of < H^>with n^ ie 
ahown in Fig. 3.8 with linear f i t< • aJfj^  •»• b. The 
linear f i t haa been tried only tbr the evinta with 2. 
[ise) 
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5.4 - V«Hi»« Of < , D and < la dlfftrta* 
in 400 0«T p»«aiiltloa iatcmotlens 
Mmu 
< 17.6 t 12.61 t 15.10 • 0.39 22.18 • 0.31 
D 10.38 i 0.23 7.40 • 0.22 8.U ^ 0.21 11.03 • 0.57 
1.69 • 0.08 1,70 t t 0*07 2.01 + 0.U7 
Th» beat f i t a « 0.77 • 0.01 tmA h m 10.31 • ^.13. 
Tb«8« •alues of a and l> ara eoiB|»axabla ulth the iralues of 
0.76 + 0*04^ 11.13 t seapeotlirel^ reported In ref. 6. 
Blaj»er»loa,J),of atatlpllelty dlatrllmtloa of aliowir partlolea 
laeveaeea vlth tlie laorease of Ilmfl oae oaa aay ttrat 
the dlaperaloa of the isultlnaicltsr dlstrlbittlon laoreasea 
vlth the laoreaae of the target alee. Thla ooaolualoa taajr 
aXeo be dzami by usla« pure targeta. Taluea of dleperaloa, 
0, ef araltlpllelty dlatrlbutloae for dlffertat taxiget auclel 
aad for dlffereat project Ilea are gir«n la table 3.5 at 
dlffereat tnexslea. Fron fable 3.9 It la olear that the 
•altte of P laeieaaea with laeseaalag target alae ae veil aa 
the laeldeat eatxgjr. 
The average ehover onltlpllolty eonee oat to be 
16.12 • 0.23 after applylag appropriate oorreotloa for the 



























r* (M • a • O 41 •fri Cft 
A (V 2 <M 0 H • 1-1 
Q in <st tn A © # o • o • o •f 
« UN * s • * • a 
S s A JL tA # o o # o • H # 
"l^ l 4>l •t 
o o s s S VP 
s 
0 m H trt r-i 
# 
rt a 





m o • 
o 
<» ca o o o • • * o o o 
41 +1 4-1 
t4 *4 
sa d O CO o • • • M H w 
o 
•t 
Cft w o H CJ c^  
• * • o o o 
• • m 
4t 4-1 
<3? IK w 
a 
HI 
irv m H vD fr-
* • • o o o o 
• 0 • if\ cn M H H 
• • p H 
•A . M M X X 1 X X 1 
8 O .. O 
r: 8 
< haw tftktn h«Xp fvosi refezvno^a 5 6* Tho yalu* 
obtalatd hy ii» i « oo«pii2m1»X« irith th« TAXIW* »port«d l»y 
oth«r in 400 i>->«iiml«io& iateraotioiia* fh» 
of < at diff«z«iit «re gliria In fftbl9 %6 
for p*«!Bal«lo» lAtocftOtion** It to oloar fxoa th« t&bXo tlait 
tho YiiXiio of < tt> inoroftsos vith th« ineroase of Ineldent S 
«aox»y« 08ins tho iaotl»3d of Xoaat squares f i t , «o haT» 
foiiM tlio foUowliig roXatioii botnoen < a»d Xoi 
- - C5.64 J: 0.19) (8.52 • 0.05) log B^  . . . (3.6) 
0alfig tbe data of AXbizii ot m Irnvre focmd ttm 
oozrelatioa l>«tiio«2i < and log B^ t vharo < ^©h^^® 
olrnxgod shovos partlola stoXtiplloltsr in hadsoa^ nuoXoon 
ooXXisions* oorreXatioa h9tmm theae imsiabXea is 
obtai&ad aat 
< - (0.S7 t 0.X9) * (5#84 t O.XO) lo« E^  . . . (3.7) 
Thaaa •ariationa of< and < with hasra baaa ahown 
in j?i«. 3.9. It ia aaaa that in tlia aoceXarator ©naxgy 
ranga (up to 400 QaV)«<ir„p> iaosaaeaa moca scapidly than 
VaXuaa of < at vasious anaraiaa in ii-aiBalaion 
ooXXisiona ara givan in TabXa 3*7. Xf wa ooapaxa tha data 
on p^ aontXaioa ooXXiaiona( TabXa 3*6) with MoraXaion data 
(TabXa 3*7), «a find that at tha aaaa inoidint anargy tha 
•aXuaa of ia pion-^ nmXaioa ooXXiaiona ia aXightXy 
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8Bftll«s than that fox jHMniXsloa ooXXltloiui. fh^ dlff*x«i»« 
is attni»iit«d to tbt dtlff«£«at Taluta of oznss-aoetlon* for 
th« tvo oaaofl* 
< H > 
?al»la 3*7 «* Teluaa of < » B and at Tarloua antx^ios 
la nHMtalaloa ooUlaloao 
movgy < D < /D E«f. 
(Ga?) ® ® 
X7.2 $•34 t 0*02 2.99 t 0.05 X.78 t 0.04 12 
50 Qa7 t o.xa 4.60 t 0.07 X,77 t 0.04 Preaaat vozk 
60 8»59 • 0#18 4.93 t 0.12 X.76 t 0.07 4 
200 1X.94 t 6,98 • O.XX X.72 £ 0.03 X 
3*7 Bls^caloa ana Ita Yarlatloa trltli< t 
in . .11 m 
Olaparaloa of imiXtlpllolty dELotsibatloa foe aliovar 
partlolaa la Aaflaad aa 
D • C< (3.8) 
whaxa < la mTaxaga mmhox of itoovav partloXaa* 
Tha Itttavoat la tl\a atady of tha Aapaadaaoa of B oa< 
la p-audaua ooUlaloaa aa wall aa D • oa 
'^^o^ la pT> ooUlaloaa haa ooaaldarably groaa darlag tha 
raoaat jraaxa* fba flvat laportaat obaaxvatloa ragardlai tha 
ragularlty hatvaaa < IT }^^  aad D la psotoa-auolaoa ooXXlaloaa 
Ci 
was miA« by Kalhotira^ ,^ who that »oii>/» iri«ht 
fzoa 9 to XO^  a«y* Shis vseaXftslty vsa sttidlsd in aox« 
dtttiA by Ctys«V8t(i ana Bybieki^^^ Oftii«ttXi voA Halhotra '^^  
and finally by Vzoblevalci 1^ 0 gm9 laora axadt Xinaar 
raXatioaahipa in tha range 4 to 70 OaV* Gtistu at 
haTa attanptad to obtain a f it in tha ranga X2«9 to 405 
and haTa found that 
9 » a-^ + b ••• i3*9) 
vim a » 0.58X t 0.004 and b » -0.553 • 0.007 
Xa oxdas to taat Idia TaXidity of Xinaar raXationahip 
batvaen-c and D for p^ nuoXaus ooXXiaionst va have pXottad 
D •«»«tt8< Mg> in Fig. 5.X0 for 0 (ourra A), 
(oosve B) and D TEVSUA < If^l^ for pp ooXXiaions (ourve 0). 
1*ha data uaad ara f ron safaranoaa X6» and tS^ a praaant vozfc 
for i^snXaion ooXXiaiona and fcosi rafaranoa 27 for 
pp ooXXiaiona. fitjttha foXXowing ty|»a haa baan found 
0 w a d f ^ • b ...(^.XO) 
with a » (0.628 • q.OXX),b • -(0.X8 • 0.XX6) for r^^ 0 
a •> (0.498 • 0.47 • -(0.246+ 0.249) for 
FoXXovinfl obaarvationa nay ba aada fron Fig. 5.X0 and tha 
•lauaa of a and bi 
( i ) Tha Xinaar raXationahip (5.X0} is waXX aatiafiad by 






















( U ) slop* *a* tos M^^O 10 0*628 ± O.OIX, nhich la 
laifibtXy high or thim thost tor p|H-e0lIl«l0Bs but th« 
int«ro«pt b l8 apprtoiabljr gv«ftt«r» rtttoltisg in 
signlfloantly sBalX«r< /D for p^naXaion oolllalons 
than for pp oolll8iosa» partioulaxly at low aaensloa* 
( i l l ) Xha ^opa for 9 is algnifioantly Xaaa than for 
avanta* SinlXar obaarratio&a tiava baaa aada by 
Babaolci at S^^haaa faaturaa are alao oXaar from 
fabXas anA 5*B* 
WbiXa intarpratlag obaarvation ( i l ) it abouXd ba fiotad 
that amoXsion bain^ a oompoaita oatarlaXf w are daaXing 
aaaaatiaXXy with a mm of different H^nlistribationa oorrea* 
ponding to different ooispoiienta Br, C:TO, H) of eooXsion* 
Even i f tha raXation between 0 and < ^or p s^noXeaa 
ooXXiaiona iras tha aaate m that for pp eoXXi0iono» the 
praaenoe of different ooiisponents laouXd Xaad to deoreaae in 
tha ratio of < as obaerved by 6urtu et aX,^^ 
El 
In order to undaratand ( i i i ) va firat note that tha 
aeXeotion of evente with 9 iispXiea that data is reatrioted 
to ooXXiaiona in Ag and Br onXy and fiarthereiore to reXativaXy 
oantraX onea* i«a*> those in nhioh the xms^ mv of ooXXiaiona 
avffarad by tha incident partioXa is raXativaXy Xarge* 
caeaxXy ataoh saXeetion of event a wtiXd Xaad to a high vaXua 
of<If^> inoreaaing the ratio /!>• 
g : ; 
Vasiatloa of vlth !> is also liiitar for pux* targoto, 
Taluoo of<; , D And < /!> aco givon la fablo 3*5 for 
dlfforont tax8«ta at difforont inoldaat oaargloa. idaperalon^ 
O^Toraua < for dlffomtt targot audlol aad onaxsgy baa baaa 
ahowA In 5*3J.« Althotagh < aXightly inoraaaas 
with targat also, atlU Ita iFaXua la aot ataoh dlffarant from 
2 aad doaa aot agxaa with folaaoa'a xalatloa » 
fhaaa raaults ara eoaalataat with ^oaa obtalaad la othor 
axparliBonta on hadxoa-auoioita latoxsotloaat i^ lvan la 
Tabla Shla angiaata that tha BRiItlpilolty dlatrlhutloas 
of hadroa^ auoXaua lataraotloaa ohay typa of soallae balag 
ladapaadaat of the targat alta^ mmxgy aad aatura of tha 
laoldent partlola* 
Tabla 3*8 • laargy depaadaaoa of< and< /B 
Mi IM Bft&WIBI tlfWHt JIW^W BIBIJHM W'KAS''JI8WWI 1 JSWtBflTt^SMPWDWI 
12.88 1.55 t 2.34 t 0*05 
18 3.91 * 0.04 2.27 + 0.03 
19 4.02 t 0.03 2.23 + 0.02 
21.1 4.17 i 0.05 2.22 + 0.03 
24.1 4.33 I 0.12 2.26 7 0.03 
23.4 4.56 Z 0.04 2,19 t 0.03 
50 5.42 • 0.20 2.13 t 0.10 
69 5.ai I 0.15 2.06 > 0.10 
200 7.65 ± 0.17 1.97 • 0.10 
i)ata ara froe refasaaoa 3 7 
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3*8 MpvnAtiio* 0f<H > 0 B AtOttlO HMSI 
mmmmmmmmmmmmmmmmmmm i mil 
Sh« d«p«aA0iie« of < on th» targot eaAsa Is oonaidoirtd 
to of foz»9<Hg> A^  imi6h in turn would givo 
m E^ aB irli«so<ll^>i« tho aToxAge obazgod ohovor 
flir 
partlolo BoXtlplioity in luidron-hadron ooXlieionst <r i0 
th« ftvtsago o1bari«d afaoims partiolo sniltipXioity in liadson* 
ntt^eao eollisiona and is v«fo]ca?od to as th« moan nosaa* 
lisod vultipXioity. ioT •nolsiont th« aboro xolation may ^ 
writttn as « f - • A®, vhoxo F^ is th« probability 
of inolastio collision iritli a target of smsa nnabsr A« It 
is bsoaiiso of the faot that for semlsion one h&B to average 
OTer the iiass nufflbers of various constituent nuclei* 0sina 
the value of F^ given in reference 18, the value of a has 
AA 
been calculated to be 0*146 ^ 0*006 • This value of a/inoiden-
IS 
tally coaparable vith its value obtained at other energies* 
Since the value of a turns out to be anally it therefore 
euggeets a weak dependence of the shover particle isaltiplicity 
on the target siee* 
ZJependenoe of c H > on the target nasn A in the case of 
pure targets have also been studied by various vorkers* the 
falues for pure targets at different incident 
% 
energies have been presented in Table Figure 5*12 
shovs the variation of average nmltiplicity of shower particles^ 
with nass nnnber A at 500 0e7 %k and 400 6eV pA 
C o 
fl' 















FuiBoro 9% HAT* found thmt tb# of < 
a«3r be desexlbed hy a powr fimotloa of A, 
< (9.36 ± 0.70) A *^^ '^  t ^^ com«lon« at 
400 G«V and < • (9.85 t - for ITA 
oolXlslono at 300 0«V« For A • X, thlt valua of < lo 
oosparabXo with tho vaXtui of irbioh lo 8*99 ^ 0*14 
for pp ooXlioloaa^^ at 405 In th« oase of %k colllalonflt 
for A « 1, th« TaXtM of c l8 ooiapaxabla with tho Taluo of 
< w 9*0 + 0.2 4a th« oaoo of «p ocllialona^^ at 280 OoV, 
Coavaatlonallj tli« laiiltiplioitsr data haa boon analyaod 
in t«XQ8 of ^ whlo^ atajr bo calouXatod fzoa oeasured 
inolastlo 0r0S8-*900tl0n uaing 
vbora Oj^ p and Ojy^  aro iaelastlo orosa^aeotiona for hadron* 
nooXooa and hadron-nnolaua Using the relation 
betveen ^a ^ ^ ^g ^ gi^n b^ Anderaon et al. ani the 
experiiseatally neaauxed values of < at different valnea 
of a reXatioaahip betveen < and S^ ie obtained. 
3moh a reXationahif ia abova graphioaXXy in Fig* 3.X3. A 
straight line f it to the data ia represented by the equation 
<r Mg>m (4.369 • 1.293) • (4.255 0.389) V^ . . . (3.1X) 
65 
Fxqb 1ihl9 «qaatloii tor m X^ vaXtw of < H^^lo la ^os* 
aasvtsMBt with -111* v«lu« of 8.99 * 0«14» for tho avexago 
ebax^od partlola smltlplloity la pp oolllsloaa^^ at 405 
Otterlaad «t hava also obtalnad a relation batvoaa 
< ma ^ fOv p-asmlaloa latoraotloas at 400 OaV slvac 
< « (5.1 * 0.3) 4. (5.5 • 0.2) . . . (5.12) 
On oomparlag tha variation of^ wltfe (eq. 5.11) 
obtalaed la tha psaawat atady asid osa glirea bj^  Ottarluad 
at al.^^ (aq. 5*12)» wa find that thay rapjcaaaat similar 
tcaad. 





where k oan have veluaa 1» 2, 5> 4feto# The ^ole sasmle 
of atara have been divided lato different li|j«>lnterval8 
I.e., (1) % (11) 6 ^ rijj^e and (111) and 
the valuea of c^, C^  and have heea oaloiilated In different 
Hj^-lntorvale. fheae valuea are glvea la Table 3.9. 2'or 
ooMparlBoa» the valuea of Og, C^  In the oaae of 50 QeY 
n^Bulelon lateraotloaa are alao given In !?able 3.9 for the 
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•aXu«8 of Oj^ renaln oonstant vW^in statlstleal orxor la 
all th0 ij^^latervula a-t l>oth th« oiioi^lcs. riovtwr, fh« 
values of €2$ m^ C^ rtixy fxos eaoh othar. Values of 
C'jg iseroase vlth the inoreaalag imlue of km It laay olao 
be notea that the •alues of these parameters aze neaiOy 
equal ia pA and liA iatextietlons* Fig, 3*14 eiho«e the 
iraciation of Q^ wlt!> laoident eaesi^ r* 
tr 
3.15 presents the th root of t^ jo eeatral soment 
h'fi^ e - m a fuaotion Values of 
lim9 boen oaloulated for difforeat emum of stars cmd 
alao for tho nhole 3aar>le« find tl?at tti© linos 
roT»resent th© trariatioa of somanto wlth< i:^ ?' ct difforont 
eaesgies f i t aioely to ti^ o point a corros^xjadiaa to mrious 
gix>ups of stars. 
Vie ha^ also nXotted tli® values of nosmalised inoaeats 
and oealral sioaents in .^igs. 3.14 and 3*15 resiieotively hy 
dotted lime for pp lateraotlons for the imrpoae of 
oofiparison. It is seen that there Is at least a qualitative 
siailarity between pA end pp eeUisioas. This i w oonsi«> 
dered as an iadieatioa of siailarity of produotion laeohaniaas 
in both types of iateraetioas. 
5.10 Mean Sorcalised Mmti»lieity» a^i 
The role of the target anoleus in the development of 
tbe nmltipartiele produotion pAoess beooaes nore oDioun if 
I i 
- o . . _ n _ 
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ithem la mean smXtiplloit^r of th© obax^ed shower 
T)artiel«a ia had2!on«»nuoXotia oolXiaiotig and < 
ohs^ed parties, e tauXtipllolty for ooIllQions 
at the saao Primary onergy* The ratio la roforrod to 
m the mean norraaliasd taoltipllolty* For iMsdson-^ sulaton 
eolllslo!i9» thla ratio ia raforrod to aa i a i — ^ , «» < eh > 
whem i® tho mmmge Qh&rged ghover Mj l t ip l ic i ty 
in ii&droxiHB£iul9ion ooUlalon^* In tl e praaont osporlmeat 
"am " - Om'J5m VaXm 3.93 ^ 0.14 has beoa 
talsaa from refereaco 24. ojiowa tfeo mrlatlon of 
aa a l\motion of primry ©sargy, '-.q. Xt Is oXear froa 
tr.e figure thcit iH'o ©roarleentaX data are oomt-^tmt with 
the fact that la lad©naM<mt of emrgs for Got. 
Tha ratio « ^ ^ diffarant mthom la 
not in aecord with It a definltioa uasid to pradiot it a 
^havlour ualng dlffarant siod^Xa. Tha pradiotions of thaaa 
modaXa ara tiasad on tlie daflnitlon of K^  aa tha cntlo of 
aXX tha final atata partloXaa produesad In hadron-»nuoXaua 
and hadr<m*nueXaon ooXliaiona at tha aamo anaxgy. 3ut 
vhat haa baan doxie ia diffarant baoa«aa, ganaraXly, tha 
ratio of only Ohargad ahovara (ralativa yaloelty fl>0.7) 
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7 0 
of h8idroa*nuoX«on eolllsioiis ha;v« bton considered* Thtt«» 
two disalnilar qtumtlties haye D««a ooapAsed* This ftffeote 
the ooaolttolon dmmn xeiardlng the enexsgy a&d mase autt1»es 
denendeaoe of and eaueeciaeat deduotloaa froa it* Xt is 
•esy diffieult to liave an exaot Imovledge of all the fiaal 
atate jmrtiolea partioulazlsr ia the caae of liadron«-nueleu® 
oolXiaione and therefosd» of H .^ vTe ouBniarlse here the 
suggestions nade by different vorfeeajs^^*^*^^'^^ to estimate 
m that its oompariBoa with diffearent modeXe heooiaes 
©eanineful. 
Otteriiind et al.-' hsire indicated that B^ is not a 
£00d parameter for coe^asisoa vith the ^rediotioas of various 
sodeXs because < ooatidas iateraotioas «rith psotoaa and 
neutrons of the target tiueleua» whereas < 
mmmge miiXtipXioity for collisions* therefor©, Utterlund 
ot a l . ' hfsve aa^ested that the ratio 
< ; > 
is 'oetter paraaieter than 
has introduced the ratio Hg involving created 
particle smltiplicity ia p^ e^nulsion interactions to the 
czeated particle Multiplicity ia pp-iateractions and has 
argued that this ratl<^ ia fact exhibits energy independence 
as predicted by .<TfO acaliag^^ and other models* lig is 
i X 
deflnod a« 
< - a 
^^wveKvy-^ is the msm. amber of oolllsieas in tho target, 
Xp is the fsaetion of protons asnong ouoieons of the 
n^ le tlio ooan of sCLov pxxitoao mi lo 
the cieaia number of slo« -^lom, cfelmjlatod by 
the forsrala ^^^ 
•< V W •""' , 
''lav A) 
«here and a^ r® iaelastle oro'sa-seotioas for 
hadron-aucleon haSron-wucleus collisloa© reapectlwly, 
She Tsdues of n^ ma n^ are ta&en as 0.455» 0.43 aad 
respectively^^• i?or the iireseat ©xperiaent the v^lue 
of H2 ooraes out to be 2*10 ^ 
3abecki ot have obtained different orf>re33lons 
for the oalotilatlon of mean noisotfillised multlolloltyt H ,^ 
In tex»8 of ereatoil oharged nartlolea* In thla ease 
< •^ oh>Or \h> - 2 
and - 8 > C r - ^ 
< >c_ <- « 1 
^ ^ • ...(3-16) 
In the preeent o*perl«ent, the value of E» la 2.16+0,05. 
r ; n> 
Asls et aX*^ ^ hovo poiatod out that «kil.9 estimating 
th« nxmlier of ortated ohaxged particles» the ohax^e 
e^oliange effeot eliould also be taken into aeoount. Tiaey 
have estimated the ounber of oseated ohaxged partloXee la 
pp ma p-nudeue oolllelone ae followg^^t 
The a^m^e nuiaber of ohas^ed tiavtioles oseated In 
pp intecaotlona ie 
< . . . C 5 . 1 7 ) 
and the avesane immber of oveatoa particles in >-€iuoXeus 
collialoas is 
< Mq « < 0.67 •..(3.10) 
fhtts, the mecm novmXim^ Kiultlplioitsr in p-nuoleug 
OQllleionsmay be given m 
Dhe val^ w of ^obu foaad to be 2.01 ^ 0.04. 
Values of xi^, B^, E^ md for p^eimtlsion Interaotlons 
axe given In table 3.10. 
In the oaae of np and »«nuoleus( oolllgiona^ the^ r have 
estimated the number of created ohax^ed partioles as folloirsi 
For the i(p<-oolll8lon8» the number of created charged 
partioles is ^iven b7 
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and th« n\usl»«v of ox«atod ohargtd purfelelos l^s 9^uel«u8 
eoXllaloas Is glT«n 
valuta of < aad< >n|>t ^ '^ ave 
a 
Values of B 
4(9A> 
4(trA) at diffeireBt energies are given i!!t ?able 3.11. 






S 4 iveference foi? the value 
assTi's 
17.2 1.27^0.07 1.52^0.09 2.16^0.55 1.72£p.03 12 
50 1.41^0.04 1.54t0.04 1.89+0.10 1.75+0*03 Present work 
60 1.59+0.03 1.50+0.04 1.77+0.30 1.67+0.04 44 
200 1.49^0.04 1.59j;0.04 1.S2+0.0B 1.73+0.06 1 
ffBBIfl WiWilJiUtWIHil BtaB'SUSS-'^  '. SSMBSRSlTt-"fT-'t^ '"* S'XL la'actattaiK 
Values of the paxrametera R^ j^j, ii^ t Rgt ^ wad i?^  for proton-
esmlaion i&teraotlonp at diffesent emrnies are given in 
Table 3.10. Fson the tnble it ie olear that at higher 
eaer«i.e3 al l these paranetere are independent of energy. 
Variatione of these paraBieters with energy are shoim in 
fifi. 3.16. For ff'-enulsion interaotions values of H^ ,^ Fi^ ,^ Bj 
I-J 
> ^« 
i r } 
and R^ 6X9 g i f n l a f ab le In this eaae Moapt fov 
^ ^ paxamt^m a r « psactloalXy indapeaaent of 
nnexgy* ''nozigar iBdd|>ettd«iio# of tlift of E tliat 
partleXoa pxodttotlon talces ^laoo tltcough intosmodiato 
Valttoa of < fov op and np interact ions h a ^ boon takon 
fsom roforenee 24* fhs. foXloving f i t has boon txsoa to 
oirfcrspolat® ool l is iono at vaaiioua oitor^gioai 
tt'horo oKposisiontal iraluoo axe not availablo*^^ 
< « iui7 t o a o ) 0.03) ine 4. 
iO.X3 t (InB)^ .•.<3.23) 
wliere 0 is th0 oqiiaro of t^o emtxe of moo ems^ in pn 
eollimXon^' h*or %p ooll i^ionot fol lovini j f i t has been used 
to find the rsdm o f < > ^ at eaeiQioa vrimm ©xpoaAaontol 
vmlae^ um not available 
(0 .5 ©•oa) (IfJiJ)^ . . . (5#24 ) 
vhe» i 2 i s the square of the oent3» of aaeo enexi^ in ttp 
oo l l ie ione. 
An iaportaat psoperty of the satio E^ i o that i t i e 
a eiovly meyins fuaotion of the naas nuabos A of the target 
nacletne. I f ve eappoee that H^ • A^, thm i t ttixns out that 
a inomasee fzon 0 at 10 Oe? to 0.12 at 66 GeV. At priaary 
119 
•tt«si7 aboT* 200 OtTy fh« •spoBMt a vtMlaa pxaetlMdXy 
omtAiit ( « • 0,19 • 0.19) T«Xm* ot « to 
(0.146 > O.OOi) for 400 0«? p-«matiOB iiit«z»otloA^. 
fht ir««k of Ej^  on tho muibor hm btoa 
oonfismd oooaio xtgrs •tudlos^^ In whloh Rj^  was xopzoaon* 
tod m ^ A^^'* fOv AXf Ctty Ag and Br «aA oiMixsioa la 
tho raii«o (50 « 900)0«T9 oxporiaoiital a&ta^^ ena too 
dooorlboA tor ttio atooro fomula vl«li p m 0*41 ^ 0«04* 
fho llnoar d090i»i«ii00 of R^  oa A^^ ^ haa tooon aaalyaod 
la dotal! toy Si^bookl'^  ttslas imoloar oaiaolon data for 
protoaa vltli pxlaasar worgloa tootvooii 6*2 and 3000 Oof* 
Aaaljrala idiovo that oxporlaoatal data oaa too doaorltood toy 
tho fomiiXa B^ a c •«> d iihoro o aad d (and ooaMoaoatly 
K )^ axo ladopottdoat of tho pdaaxy onoxgy Mf* Holag 
thla roaiat aad data for 67 aad 200 OoT* Batoookl^ ^ haa ahowi 
that 0 « 0.716 • 0*018 aad d • 0*286 • O.OIS* 
Talaoa of and K^  for pnro taDgota aro glvoa 
In fatolo 3*12 for P-Bttoloua latoraotloaa and la fatolo 9*13 
for fHBaoloaa iatoxaotlOBa* Ooaparlaon iliowa that for a 
iliraa Talao of A» ^o Talaoa of thoao paroaotora aro aoaowhat 
lowor for ploa projootlloa than tho prlaary protoaa* Sovovort 
tooth tho data oaa too dooorltood toy a alaflo foraala If thoy 











Jl tk w O <3 W o A • o # o W o 






n IK* ? 
8 
O 
o n m © 
o o o o o o o 
•I •• 41 -H 
SJ S: IJ 
o a €> 
•I 
? » rn «» 
3 2 5 ? ; 


















A # w o o O w O w o O O W o © 
n •1 •I n •1 •1 
• • 
H » m * m fl 
8. 
<m im  
m m is M- JiL w o © o o W © w O © o © W © W © 
•1 •I •1 •1 •f •1 •t • 
n • # 8 # 
• • 
s • <m • •• 5 
m m * 
m 8= Hl» 
s» • 
•• «M 









Ci» 'O < > € I O 0 9 C I O O O O O O 
•i ^ ^ •• 41 4 
« » ? 1 s ? I a I O O O O O O O ' Q O O 




% 8. 0 w 0 0 0 •1 •I 
o t* 
w 
m •m m W 
m 




S S S S ^ & S S S S S S S S S 
0 0 0 0 0 0 0 0 O 0 0 0 0 0 
n n • 
§ f I § « I K I I 8 g I § « 










H ^ R R R R 8 S? e g U R R R R R 
0 0 • 0 0 0 
m 
J 
m • • 
0 0 0 
« » 
0 0 <•* 
0 0 0 0 0 
1 0 





•• f* IM 
K « 
m m *** 0 • • 
ffv m 
m m Of 
80 «% • • « 0 0 o 
4-t #1 
^ s ^  ^  
CHI 
8S 
e' * o 
•I 41 

























HH •• dk Si 5 m n W w 0 0 w 0 W w 0 0 w 0 0 0 
41 41 4f 41 4| 41 41 41 41 
t 55 ? % 
m • • m « * •• 
0 0 0 
•I 
0 0 0 
•I 



















H 8 l § s I 
and az« InoXaatio 0]!088<»s«0tl0tt« for lmdxeii<«nttol»on 
mA h&droiip*nuoloue oollisions xo0|i«etiv»Xy« Th9 quantity^ 
r«pr»oent8 tbe a«en nttabor of oolllslons botvoon tht pzimai^ 
hadron and tlio aoolooiui In tho tazgot naoXotts* 
rhe ditpofidaaeo of tho ratio H on V Is Isportaat for 
differentiating lietireeii pae^diotions nado l»2r dlff«r«nt isodols* 
ifuBoso ot BXm^ ^ have atudled tho dopond^oe of k^^ on ^  for 
pure targets* The best f i t of their data at 400 Qe¥ is of 
the fona « 1 (0«7X ± 0»04) (V • 1). General relation* 
ship hetveen E^  and y oan be represented by tiie following 
etaation 
li^  o 1 a ( V - 1) (-5.25) 
ooeffioient *a* ia 1/?S for the Gottfried flu* 
oascp^ ae aodel^^ and ^ for diffraetiv® exoitstion laodel.^ '^'^ ^ 
Fit Of the data of Fasioro et al» at 400 Oe? do not a^ree 
With any of the above oodels* The data of ilorian et al« 
for 300 Ge7 proton-nuoleus Intoraotions and the data of Lee 
et al» for 200 Oe? ts>saolet»s interaotioas^^ for i^re targets 
support the relationirtiip H ^ w l - t - ^ i V ^ l ) , 
Alls et al,^^ have gtudled the dependence of H^  on A. 
t?he target sise dependence of have been expressed as 
• A® and «• a • b A®, They have found that for 
p«-nttoleus interactions^^ 




• I t 0.072) • (0.372 • 
In faet* th« fozm H^  • a • b A^  aozo ganasaX f i t to 
tha data and aaana ta oontala nore daapar iafosmation about 
tha pzodttetiea pxooeaa* Tat fact that at a gtrtn oaar^y of 
iaeidant hadroa* the final atato smltipliolty in Gloraentax:r 
ooXXiaiona ia iadapaadant of natuxa of tha inoidant !iadcon» 
auggoata that f ov the mm imibav of eoXXisions inaide tlia 
nuoXaua» tha aiiXtipIioit^ in had3;on-»na6Xaae ooXlisiona should 
ba indapandant of the natas@ of tha Inoidant hadvon end ahotald 
depend onX^ on the effeotira anaber of eoXIiaiona inside the 
nucaeua* 3inee ineXaatio osoaa^aeotion^op^^foi? psoton-nuoXeua 
Loa-
AO, 
colXiaiona variaa^ m t?^^ and that for pioa-imoXaua coXliaioaa 
variea^^ aa it foXXoira ttot • that V 
" I/A ' ahotiXd vary aa V^^ aa and ii » a bV , where 
and are inaXaatio o£*oaa«^aotiona for hadson*^aXedn 
and hadron-ttuoXeua ooXXiaiona* taking E « A*', v@ hsire fotind 
that K^  • A^'^'L ^^^ for p-m*<ae\aui ooXXiaioaa and = 
cr A^® for li^ nueXeua ooXXiaiona* Tafeiao ^ ^ ^^^ in p-nuoleua 
eoXXiaiona and A^^ in n-nttoXeua ooXXiaiona« we find that 
B^^i?'/^ for both pHSttoXeua and ii»ntioXeita ooXXiaions. Thia 
agreea ifith the faet that fiaaX atate ffioXtipXioitiea are 
independent of the qnantm nmabera of the inoidant hadrona 
and depend onXj upon the effeotive target thiokneaa invoXved. 
zz 
3mX2 O^ iigBdlenco of Mggm iToanBsJLisea aultiplloltyt R, oa ll^i 
BorexaX norkera^^'^^'^ h&f atudioi tbe dependanoe of 
Si on Mjj. 4 llaeas aeelatioxifliliip botweezi E and \ of the fom 
has boon obsezriTdd* 
Urn (t * [l \ (3*26) 
^ere G and p are oonstaats at a enos^y. 21io relate 
tlon^ilp l0 good apto 20 asd t^exesftes a dopartur© 
f3?o!s th9 l&Qeaa;ity Is vhieh to attciMted to l^o 
total dlolBtegcatloa of tib® target fiuo3>oua C-j'la. 3.17^. 
value of a(~ 1) I0 praotloally liidet>efid®r»t of ©o@z®r. Slio 
value of p iBoreases witlj enotiy from to'-TO GeV and 
thoroaftor attains eesdntially constant value o.oa* 
variation of a and p with energy la ahoim in 3«10. 
Fcosa the eneii^ y dopendanca of p I t follows ttat u Inoreaoes 
alowly with energy upto '^ TO 0eV and thereafter I t attains 
essentially a constant value* 
plot of ii^  with \ for proton^-ewttlaloa interaotlono 
at 400 OeV la ^Iven In ilgm 9*17« 'Xlie relation 
ii^  « (1,24 ± O.Oia) 4- (0.102 t O.QOl) 
l9 the beat f i t to the data* The dotted lines show plot for 
$«esnil0lon data* I t Is seen -ttiat the dependenoe of oa if^ 
Is id.lghtly weaker In plon^^eiaulslon Interaetlons t!%an those 
for p«e!sal8loa interaotlono* The Independence of 0 at higher 
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lli'O 
ooaatantv shoixlA also attain a oonstant value* This 
is in aeooxid with the sxpaxiaental obatsvations* 
tha mtthoA iisad ia tha prasaat aaalyaia alae laaAa to a 
kind of soiCUas batweea E 
flit.WUitoi* 
In hadroa^ttoXeon oollisioaa tha pxsot^ability distr i -
butioa for the psoduotion of it oharged partiolea ia observed 
to exhibit a tmiimTaal o!tamoter» i»e*» one ean always 
©jEpi?0as< «V'Cii/<n>), is/h v^ P^^ is t!»® probability for 
l»roduoing n ohai^ed partiOles oiid y is soiae ftmotion of the 
variable (e « n/< n>), $?hio beb®?rio\ir of salt ipl ic ity 
distribution in the variable a is referred to aa tlie 
aoaling after Eoba* leilsoa and Oleaaea.^^ She probability 
of observing n tiortioles in a pp oolliaiona say be 
related to the soaling funotion ^  in the following way^ ^ 
w S t • 
where ^a(e} ie tfoe oxosa*seotion for produoing n (barged 
partiolea* I^Q^XCB) ^ ^ total inelastio eross^seetion 
and<n(a)>is the man nuaber of ohazaed partiolea produoed 
at the oentre of aass energy Vs. .'eoeasazy oonditions for 
Eq.(?*27)to be satisfied are 
lli'O 
( 1 ) Tftzious aalt ipl ieity sottftiito « of tho 
imiXtlplieity dio'tsilmtlons should b« indepoaflmt of 
{ t i ) C^atral aoaeata k/l^ « ault l -
T^lieity dlstillsiutlons shsmXd haira a linear roXation-
ship with th« avera^ft ^ t i t ^X i o l t j , < n o f 
intemotioxj^S. 
( i l l ) catio 01101334 h® indtopeMent of the onorgy 
of the iaeidont partloXo* 
( t v ) lihoiaia eOLso ia4®p«nA®at of fa n® f8 ^ 
SXattsry^^ has Mprestatca tho ooallog ftmotton/'(b) 
3.27) pp«"lnteraotioji8 in tbo aajJseiituB rm^o 
(50 - of the Scxm 
y ( « ) w (Ass Baj^  # Css^  ^ Ds*^ ) (-^ Sss) (1.28) 
imoro A, 3, D and S oonstants* Tisluts of these 
Constanta for tho SXattesj- faaetlon^^ art 33*7, 
0#332 and -3»04 rofffootlwly* on usiiaa thooo 
ooxuititatti thla fonotion any bt irritton as 
f i z ) « (3.791 • 33.7«^ - 6.648^ ^ osra (-3.04a) 
(3.29) 
Slattojsy^^ ! » • o^orvod tJiat tbo aboro fuaotloa git^o 
a oattofaotoxy f i t to ^ o data on pp ooIUoioaa ('VDOI'».47/47) 
in tho ooorgy JMing© 50 to 303 CNi^  hut i t pooxly f i t o 
tho data in tho onoziy rai^o 19 to 3S.3 OoV. 
lli'O 
Mart la et h&f obsorrtd mrnt thit ehax^sd partloX* 
Bnati|»Xlelty fo r p-«iattlaloii oolliaiona at 30, 67 and 
200 OeV oheya a ttlO-Xlka «oalt»g lastaad of esaot '^lO 
ao9lim» ^^sy ^ v o xodeflnodi th« ftiaotional fona of y (8 ) 
aat 
'^^(jb) w (6»34 a 26.6 • 3.12 B^  -i- oa64 b7) e) 
. . . (3#50) 
(leso 'A ataads tie fimetioa isafersad to l>y 
at A f i t of ttie p^asiulaloB data^^ ^aa baaa laada of 
tha foim given in a valua of X pas Aegme 
of fxaadom oquaX to 0.79. 
Olasoa^^ has oboesv^d tliat tho Zm acoXins fUactloss aa 
forsBilatad in £g.(5.27)i8 mt 00 aaXX aatiaflad at very low 
anexgias, at .Xaast in tlio earn of ptf colXiaion. hs-vo 
•H)lntad ottt that tfeia Kay be eaaiXy saaa fmm 
f i t of tha disparaioa 1) of the oaltii^xioity aa a Ximar 
tmotion of tlia oean mXtiplloity* <: n >, 
^ • Q n • a< a? . . . C3.3X) 
For pTj ooXXi$3ioa in tha anargy (4-205 3a?) tfrobXevafei^^ haa 
found a w b « 0.585, wljaroaa tha r?o ftinetioa 
•,,t>uXd giva b « 0. 
duraa at aX.^ *^  hove uaad a nav aoaXiag variabXa 
« (a-a)/(<n>-a) . . . (3.32) 
' 8 6 
vltii a b«iac an •trnvgy^ iiidisiMmdeiit pmremt^r vhlcai prorides 
aa «xt#aolo!i of th« aoQlii)^ to lov oiairg^es. Th* 
Xt 
pesaraotor a ftaponda only on tha trP* of lntaraotlo%ha8 baan 
datarminad '^^  in attoh a that tbo nav '^ AQ 8oalin« funotioa 
% 
y (a*) « • a) ^/o^^x^ . . . {3.33) 
&9 Ilttla aa ijosaibxa on tha InoMaat anargy. thay 
Jiave alao obaosvad t5mt th© raodiflai o^tsa l oot^ata^*^ 
C^ • a)^ . . . ( 3 . 3 4 ) 
ara ^Laost IndaDondant of anaxgy. I t le daar that fbr 
vfearo y ( B ) is til© fme^on fbr oa^ dinasey C O scaliiia. 
©t ol,^^ havo ©'Jtalma tr® value of a aqual to 0.1 
for nn colliglon ana ftmetioaal fora of aa 
« a.30 (s* ± 0.143) &xp (•0.0536©* • 0.6598*^) 
. . . (5.^5) 
Asia^^ and Asia at al.^^ l^ava iatroduoad a n»v aoaliag 
•axii&ila 8* • r -^ • wlteso is tha numlwr of oxaatf»d < O 
ohargad partioXaa and < > la tha avara^a ntu^av of oseatad 
ohax^ad partiolaa. ftaia at a l .^*^^ hava glTan tha valiia 
of a* aa 
H - Q.5 
for ^-nucleua eolllgions and II - 0.67 
lli'O 
for 9rotoa<-iiuol«u» oollioioiis md tha now sealing function 
has be«n «x|is«8i3ed ast 
irit^ Asis^ hem triea to f i t data on 
pp eolllaioa and has fouzidi that tiso ftmstion f i t s the data 
in tl j« emrgy ranga^ (20 - iritb o » a© has 
also t!iat thia aoalin^ fonotion nitl: at « 2*13 
f l t a tb® data oa li-^olaas, ap and ^-nuoleaa interactions 
qpxite veil* Ve tmvo thia soali':^ ,'* fimotlon (-^q. 5*58) 
for the tmHtiplioity dlatzlDution tor 400 Oa? >*eiiul3io& 
interaetiona. For thie puri>09@ evasfea have lieen gzoupoa in 
tlira© olaasaas 1) 41) and 111) 
olaaoifieation haa been done beeatiae I t la believed iSa^ t 
i:?!^  (or io Q ^od sseaaare of the target maeo and a aample 
of eT«its vith a niven la store unlfom timn a aasple of 
evaata fioia a puse toraat but iritSi a different values of 
A plot Of (< H«> • 0.67) " J*"'" V8 for p-emalalon data in 
® ®inel 
different iSj^^intenrals has beta ahoim in ^•19. 'She 
aolid ottjrve oorreeponda to ^ e aealin^ fUnotiozi 
y^  (a*) • [«• 
He observe that the acaae diatributioii fLta the data for a l l 
the I,«intervala« Valuoa of are given in Table 3.14 
for different N|^-intervala* 
lO^ X 
© Nh 
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We hav« also tslftd this soaXlng fam^on ^ {n* ) for 
th* raoltlpliolty illstidtmtloii fbr 50 aoV li^ e^iaiasiOQ intex^ 
ftotloas In 1) 11) 12 
and 111) Hj^ ^ 15* Solid la 3*20 oorrve^xjads to 
tM oeeltng fkmotlon )• lit® vaXuoa of X^ per degxoe of 
fraedod la the laterrals i ) 11) tfj^ ^ 
111) and Iv) aaeo 0.66, 0.56, sad 
0«32 respectively* I t lo clear flora th® fl^tixe and ®1BO 
from the value of tbat the aealiag f«»otloay^(»*) 
^ t h tlio value of th® eoastaat a » 2.13 oceurriH,5 
In l t » f i t s tlie data <}mito ve i l . The aniilyala of the eveats 
so'iaratolsr lying In different .t|j«latex!vala tiHioir;} that I f ve 
analyse the data In tema of ii^ m created charged particles, 
then the behaviour of the nmltlpllolty dlstnimtlon In 
different Intervola remlns practically unaltered. 
?ahle 3.14 - Values of x^/B.O.F. In different Jlj^^lntervala 
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{B > P,) 
A eonvv&ient iMxaiaetdr for dteaedMiig tho Xoogltudiaal 
ootloa of relBtiviatio partiolos i s the rapidity defined 
aa 
t « 1/2 In 
«fi0re n and P^L total energy aM loa^iitudifiQl 
momontm of tlie eeooMary purtioles respeotivoEly in tBe 
laboratory ^ratem. tn many esperiraento involving the etMy 
of (lultipartiole paoduotion only emglOQ a3?e measured* imm 
these oeasiareraents i t i s a t i l l i^oeaiblo to o1)tain an approsi* 
laate sapidity distribution the use of tto pseudo-
rapidity variatae^^'^j 
^lab ** t) ton ( l ,40) 
me approziimtion i s ezoellent provided 
P • ? 
y 2: 1 ma »wP 
vhere p^  p^  and m represent laoaentuE), transverse isiotaentum 
arid msLBn of ttie partiele* 
Tlie ntcm experimental faots ianrestS^atei^  in a large 
nxusber of investieations are the approxiimte idep»nd^ee 
of angular distribution of the lihover particles 
produced In h^^ oollisioosat smaller angles on the else of 
the target nucleus and target siase dopend@noe of the 
D O 
ssihoirer parti«a.«fl p»diio«d at anaatlT^y laxsgor aagXas* 
Fig* 5*21 eOiov* n*di8txi1nitioii8 of the oliaxs«a partiolto 
la aiffexent Wj^-inttrralo* On ooopaving tli0 Y)«-dl8t£l)yatlo]!i8 
1» 5*2X flBd t!mt as iaosttaaaa the 9%99&q of tho 
particles ajspear la tho taxgot fsagisoatatloa xofilon ofelftlag 
tho saaxliaa of the dlatrlbutloa towazda smaller paetidorapldlty 
region* le^roM a oertaln vsHue of the pseuidorapiaity^ 
the paemdorapldlty dilstrlliatloa i s sliaoat Indopeziacmt of 
Hie stanuXar dletrllmtloa of obover partloles la tersia 
of poeudorapidity ?}# ^^^ a^uoieiia l^tessotioae at 30 GelT 
has also l»een otudled* Ifhe dlstrltmtlons la dlffeseat 
ii iatervils are ^om la Fl^* 3*22« i^sm tise figure I t may 
s 
be aoted tliat the bsMvlour of t l^ dletrllmtioa Is t^e saae 
aa tbat f o r p-esulsloa oolllsloas e^ soept tit at I t has a 
bltsodal straoture* Tlio I>li30dal strootare la the dlstrlMtloti 
1® present in aH the .ig-^aoups with 1 aad tfeo Baxloa of 
the dlstrltmtions towaiids loner v^ues of heoom more and 
eio£e pronoimoed as n^ laoreaess* oeatrold of the dlatri-
bitttion of the exeess partlsles ooatiaiumSly sliifts towards 
loser valiaes of n ss il^  laoreases. It nay lis meatlmied that 
tii««aodallty at higher target nass has also ^en observed la 
%k lateraotioas aslafi pore taxgets*^^ Ho«evsr» the statistios 
used in the experlaent is too poor to draw any deflalte 
ooaolusloas. Ths behaYiour of the blaodal stnaotusa has 
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atmelu»ia not in th« n-^ivtsllmtloA SxmHtiMg 
pxotoos or pzoJ«etll«« oth^r tluui jpionsy the biaoteXity i » 
to ^ A psopovly poovOliav to pi0n««tt0l«ta« intoz>-
aetioaa at tilgh»r oiiozigloo only* fsm tlio ii«41«tsltnitloiui 
at l>cth the enosgies ooasid^soA i » tbo pirosoat «Qsk (50 
ana 400 Qo?) thoso a oloar inAioatlon of oaaoadlag ia 
lov rapidity rtgion and no targat dapoadaaoa bayoad a oartain 
•aiua of t)« S^ hia inAioataa that alov partieilas are fomad 
igttkX withia tha auolaua K i^lia tha fmt portidLaa «ith ii> n^ 
ara ozaated at a diatanoa graatar than tha imoXaar diaanaioa* 
9p 
Fiiaoro at al» haira atudiad tha paeodorapidity diatri* 
bution of tha Ohaieia ahowar partiolaa for pore taz^ata 
Ou» 3n and W) iniroXtriag pA intaraotiona at 400 GaV. 
thair rosult shova that ifea rj-diatrlhutlon in the oaao of 
protozi^ imoXaaa interaotioaa has a vaak A^dapaMense in tha 
ration Out aida «]tie raaga^ i*a«» ^or tha 
targat auoXai hoaviar than aXaainiuat a greatar ascoaoa of 
ahoiMr partioXaa aotrgaa ia tha diatxihution, tha haaviar 
tha targat* 7ha ooharant tuba aodoX prodiota tliat at a 
givan «Dasgy» mm 4 iaesiaaaa tha rapidity diatrihution ahoaXd 
riaa aXovXy and ai^aad towarda -^a targat fragnontation 
xagion* thia piadietioa aa«Mi to ba ia <9iaXitatiTa mgrmmmmt 
vith oar rooaXt* 
lli'O 
3*1.3 GomlMomBmtwmi wmtiialieitlaa of Mf 
ZaaEStodEii 
It i « Ttry inttzttstiiis to 8»atlia.ioit7 coxs*l»» 
tJUwwi of tho t3n>«<ii^(n|)> (n^, n^ » n^ and t^}) 
Such oorrelations nay bo fltte?! satiafactorlly by Xlzwar 
funotioiio irith poolUvo olopoo* 
in^ (Oj) > • n^  • bj^j, Oj^ j 0 (3.41) 
in ftall xango of n^  variEtioat oxoept depondooeooyi^ ioh 
obows a eimag9 la tho olopo mt if^c^ B, Hoseo no psooeat 
oorreXatlona botvean ^ and n^  aopamtoly* Tho nethod 
of least o<maras f i t haa booa usod for to flad out the 
oorrelatioao* 
5»15*1 farlatloa of< < and < aa a ftoiMstiOH 
of^i Tim rtHuM of u^^, ^  md^ P' 
oorreapoading to varloua Taluaa have beea detemlned* 
£t haa l>eea observed that < Mj^p- t < end < iaoieaae 
with lacreaelna Sj^ . Theee varlatloaa have been ahovn la 
Fig. 3.29(a). Faarther, • ^  » ^^h 
fouad to aatiai^ the folloviag velatioiiahipa 
• (0.«50 ± O.OOT) + (0.13 • o.o89) 
^ m (0.360 • 0.006) H^  • (0.25 ± 0.74) 
< n^^m (0.77 ± 0.01 ) ifjj • cw).3i$ 0.14) 
92Cci) 
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lli'O 
TiAsHioa of < <n^> and ms m Itanotlon 
of N i^ Fov otudiriiiit tlio vavlatloa ef<M^>» 
STjj^  m^ < Itith U^ t tilt •oluoo Of^ » 
00«K08t>0iiAiiig to dlffosont valtato hitTO boon ovaliiAtod* 
Hosot ^ MAiA aotloo tlmt tlio Taluoo of < • ^ ^ 
< inexoMO with H^  and tlio inovoAoo linoas oao* this 
faot is sofXootod in Flu* 5«25<t»)» Mlatloaa iivoa 
b«low xoproaont oar data* 
" (0*50 jt 0.02) \ * ( 0.10 ± 0.19) 
^ m (1.48 ± 0*02) \ ( 0.21 • 0.18) 
< S^?' m (1,02 + 0.03) % • (U.49 t 0*35) 
3.15.5 faalatlon of * H t^ fh« 
•aslatlon of < » < ««d< H^^ >iilth JT^  liaaro boaa linraati* 
aatad and^ »< I j ^ aiid«^  found to inosaaso 
llnoarly witb 11^ . fliaao irariatlono haira bom cilioim in 
?ig. 5.2?(o) and th07 haira boon found to bo jrolatod by tha 
foUowinc oxpxa»oion« 
< » (1.2i ± 0.08) Hg 4- ( 1.52 • 0.39) 
• ( 2 . 2 6 ± 0.07) N^  • ( 1.56 t 0.58) 
(1.87 • 0.07) • (11.81 ± 0.36) 
3.15.4 Dopondanoo of It^, < and ^ aa a 
fuaotioa of l^t Vo !i«fa atudiod Hio dopondonoo 
of < • < ti^ ?' aii4< on Jf^ . Jha valuoa of < < md 
< > ooxvaopondinc to diffoxant iraluta hava boon airalaatad. 
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FIG. 323 CORRELATION BETWEEN <N|,><N|,><Ng> AN D<Ns > 
t% hum h—n ebwismd thm% «ad c 
with til* imes^M of lEf^  YitiiiiM. flM A«ip«nft»fio« ^ A 
l»«tn fotsafi %e iMtlilfffjr fhft folleviiifi v^lntionshlps* 
<' (0.26 jf 0,012) • (0.80 ^ Oa4 ) 
< (0.17 ± 0.10) • (0.0$ • 0.10 ) 
^ (0.43 • 0.023) H^ • (0.S5 ± 0.27 ) 
TIm folloving eoaelttaloAii m j Imi dxaim fa»ai ths oorsnlatloas 
8tudl«d b«tv«<R diff«z«itt tfp9sot partl«iLea« 
( i ) Btptndtne* of < oa tbo etxrongost as oonpaxoa 
to or 17^  19 8ttpi>080d to be tho laost ooitfiiilo 
pavaaeter f oi? tlio flMasuzo of tho aiualior of oolllalons 
iaaido thm mioleua th9 iaoideat hadron. Vo amy 
ooaolada that ^ > stxoaaly dopoado oaV^. 
dl ) At m 0« wo tind tlmt< I f ,>» 10,31 * 0.13 vhldb la 
ia fair agsowntat witb tht viauo of 3.99 ± 0.13* of 
< at 405 Go? pp oollioloa.^^ 
lli'O 
swrmigHif 
X« S«t* kuwtm fhys. fl^f (1977) 205* 
a. 3* Aii&«xra«A «t LttiiA* B p^oirt l&tTX? 77X0 (X977} Fhys* 
73S (X978) 545. 
3* Fa«««X«r •t «X« IX Xat« 9m* on nugh Mmw 
Bsmmiot** f*bex (X978K 
4# 3»b««lcl, 0. Hoifmk, K» l »v xtpovt 970/PH <X977)i 
Acta PoX. M 40X. 
f8fti«01m vt ftX. Cia. lijf (X977) 257* 
i^MmmX vt id* MX* fliyg* M (X968> XX* 
7. Airtylcov aX* lUiOX. Bijrs. M (1968) XX* 
8* ir«9* SavMlMMikoT at aX* Pttya. Fap* (X973) 3X« 
9* H* WinaaXar, HaoX. Phya. (X965) 66X* 
XO* 9.A. Aaimv at aX* Sov* Pl^ a^. M {X977) X80. 
U . Sabaalcl at aX* Erakov Bapost 9X9/PH (X976). 
X2* ^.H. SaDXip ?li«!i* 7liaaif aabaittad to Punjab tJniTavalty, 
OhaiiAMaxiit Xadlat (X9I6>« 
X5* Siiiiltt Fh,!)* Thaaia sabAltlad to Pwijab Uniiraralty* 
Chaa«ifaxli« laAla {Xf?9>« 
X4« O.ll. Eaaadaaira at aX« SaT* J* SteaX* fhya (1975) ?57« 
X9« p<^uXaiaa iatasaatiaa Aatat 
M OaY t xafayaiiaa 9 
9 Oa? t xafaxaaaa 49 
22.5 Oat t vafavanoa 9 
24 M t If. lafav at aX* Can. J. Piiya. 53 (X975) 
2f9« 
25 Oa? t F««« Biaatti at aX. ifaairm Oln* 27 (X962) 6 
27 OaV s safaaaaaa 49 
50 9a? t f/aiiiaaaa 52 
60 OaT t xafaianaa X4 
70 QaT t vatasaaaa 58 
200 $ X€ 
500 6«f t mf9mm9 X€ 
400 0«Y t woilc 
1000 0«T t fttmmm 90 
5000 M t •% ftX. Wb^t. X22 
(1961) 
aooo t Tff9T9Tm9 IB 
sfiltiiilioltjr Afttfti 
At aiff«an»t •n»r«i«« t Joiws alt I975> X4th 
Xntm 098« lUgr* Oonf* 3linil«lMini Q^ swrnxxy^  Aum 2265 
400 OaT t xafaxwae* 22 Cu, Sa* V.) 
500 0«T I jBittmnw 21 {v mA Cr) 
100 aod t 3a«aa at al. ^XXX Int. Oont. riigh 
200 daV I m a i ^ fhjraloa (1976) 
a^amulcion aultlplidlty data: 
17 Qa? t xafa»»aoa 12 
50 OaT t 
60 oatr t v«ffts«iioa l i 
200 OaV s xrafiyxanaa 1 
li^ A amltiplioity datai 
200 Say I r»fa»8aca 19 <¥, Qt) 
100» s rafaraneo 35 C^ * An, Cu. 0 oad ?w) 
175 OaV ** 
10, 200 ia? I Klllot» l^iyg. Eav* 21 (1975)607» 
16. J. fiaHaxt at a l . liatt. ^ (1974 ) 4671 Phy«. Bar. 
a s (1977) 867« 
17* H* HlasLnaa «t idL* Yhsreiaa scxlpta ^ (1979) 507. 
IS, Ovirtu at Pxaaazia 1 (1974) 511. 
19. M«Yt !.«• at ai. Pliya. jg^ (1979) 55. 
200 f . ftiauara at 16th I CHC, C^ata, Aug. 6-18 
(1979) H8 5-14 * 
21. J.H. Flavian al. Phya. Rar. JSJl ixrf^) 558. 
22. F. Ftamuw tt «1. m»©l. fhy». 3152 (1979 ) 376. 
23. s.G. 3oo« at al. Nual. Phy». 3145 (1978) 232. 
lli'O 
U* 1* HhiMi, 9% intv* Oia, 224 (X97<) lOX* 
25« KttilMtiA VIMII. flifs. 4i (19€9) 9$9. 
l i . 0. Qa^ mmnU mi X* tMl . HZ: (mt)i35* 
27* tttiiivxi f .c . imMiftt iyoi d m ) 
68| i g i ClfTt) 
28, A^V^mmlc l t fftuMMMr flmiTtir«l|r t fB/n/2^ 
90* Bsnttki ft m,* f3iar«* izt {im} a^s. 
9«0« AAi««MOtt f ^ * 12ft (3.f7ft) 949* 
92* X* Wm»U i y 2 (1978) 449» 
Z* O^ttiawMl* ffngr fhyii^tsTli^yt l^flXf^l* 
99* ^Aiii tt Al. flair** am. I«tt« H (3L979) 972* 
94* K*X* MMmUltthifiU A],* mtf XHitt* M (i979> 228» 
^••t* i J ( i f74) 221* 
99* V* Bmtsft at* Wkjf* Mm* Mt* (^975) B36* 
9«* J* Bi^lei Atflft. f#X* M (3.97$) 449| 
ZF^ r 9U/yH» OiMimt I97€* 
57* K* Kinr* H (1974) 957* 
98* 7«M* ni^lMiiM MA J*9. f s t f U flir** Ii«t«* IL C3.979) 
I>*ll, fl0littttt« aai f « « f U fHys* JUL (^974) 
3.99* 
40* A* iM.4 1* flqra* M <172) 2412* 
41* t* Ailtt 9% A . fSMMM* U (1978) 929» ZaA* tww 
Af»* yiiya* M (3-980) 77i. 
42* J* B«%t«lei KavkAW Bo* SBTIFB (1975)* 911/yH 
(1974)* 
49* 8* C«lm««i Al* fli|p«* HA (1974) 1418* 
S8 
44« BalitolEl la* 4«tA fhys* £2 (3-978) 495* 
49. V. Joii«« aX. Haol* FUjhi. B151 (1977) 
46. B. J. Mill^v Smk Hiioiro CiM. U (1975) 
47* H.3* AiififtlO'Vi aX* nml» Whjm* (2.977) 537. 
48* 3artfi«iikirr vli iX. Haoil. mw* U, (I960) 572* 
49* H. tft aX. .tvovo (X965) X599* 
50* FsladXandev and A*A« Havin Latt* iftiovo 01«* 
i (1974) 346, 
$X* DattlaoY at al* liru«l# Phya* M I (1973) 62| Sav* J. 
Iittol. Phya. ISL (1974) 173# 
2* lalMtf lUH* HlaXaan and Olaaan Iiial* Hiya* 
Ma (1972) 317* 
53. P* SXattaxy Fbya* lavl* X«an« 29 (1972) X624| Phya. 
Kw* j a (X973) 2073. 
54* riartin at aX« i^vo Ola. (175) 447. 
35. P. Olaaan PIsya* liatt. i H (1972) 602« 
36* Vro1»lawakl, ¥araatr 0alraralt7^pn&« ZFB Wo.72/2 
(1972), Aata Phya. Pol. (1977) 897, 
37. A.J. Stti?aa at al. Ffeya. Latt. £Z1 (1973) 251. 
58. 7. Aaia Pli«I)« Thaala au^alttad to All«arb Ifoali* 
imiTayaity, Aligaxh (1979) Zndia« 
59* f . Asia at al« ?»»eaad&ii« of Intamatlonal Syaipoaiiia 
on NaltipavtidLa JQynaaiaa Qoa, India (1979) p. 596, 
60. B. Aadairaoa and Z Ottarlund Pvo^Klat fH«2063«Giail 
(1975). 
61. Jain at al« t>att« Hwo^ Cia. (1975 ) 653. 
62. AMa at aX. P»a9«int B 1 7543-fi!IB (Sabna) 
1973. 
63. B«P« fajraaaa Pwo. fMrd Zat* Oonf. S i ^ Bnaxfy 
Colllaiont Stony BKOOIE (1969). 
64. P.E. I^ yon at al . Pliya. Bar. 30 (1971) 104. 
lli'O 
gmilii r lY 
tf wmm a i i i i i i i i i M i 
mmm u i r i i i f t tw w m m AI » f t i 
4a m u f i n t a a * 
fli* ttmAy •t hiAzwHB^leme « 
of imatitft^lott it %tfim f«Mitiill«y of 
Mild.* fi»i«ifli«m ia 
•eXlisieiui. It i « tt «t«ir m^T otlitr 
'gilMammmm of iwat OvMrnaiyf th* 9ttpw%m 
Is tlii« !»«?• liMif«« in* stttisr vf v u d m 
«lis»i«t«si»ti«« fmfMiAt* «iitt«A idt)i M^t lw ly 
!•«§» « i « i f l «9 aftA ilwiit* wm% itftilth M 
Bmt Mt ni«1i ham 1mm mmtm •tiiif w i i t iM 9t 
iM. iittotwii mmxmm MUivioM* 0xtr 
mm — f l y *it fwitiMi tiittttc aiA 
fte stuir •f tiMi §mw ia««vt«t 
^•mam of tiM iMi tlHit •iilfttA Ansinf 
•w iriitYny ttMi fMtt f t #f Hi* l«ttAlJic ImAswi* fli««« 
tm wmmwim m purt of tiM 
lii«tt«f of tilt Mtiitfttitt* flit tftiir #«tt*«»iiiii 
of 4«iil*iwui •ai Xiflit** fi*«wim«« Mjr alM 
tlMV MM l i ^ t « » MilkMliltt #f fMTiMt f i a 
lli'O 
i«ttt«««iit» tiit«ii« aaA fiMM yvoAwtiac gmy twmtkm i » 
im* iattSM^lm tf 50 wgatlv* yiMui wifli Mmltios 
mit«l#i. ys»Mt •liteiatA im Hi* 
ystscnt MuOffii^ fsvtiMt 4int%«JNm«« %xit«M 
iXIStmv t^ ••ll«#tiMi WMt lijr 
t«Lttta« lowv MM «t l l « Im 
VM 9wmn% ftMUj^aii w timm mmtiAmwi. 
%Mtmm mA fi«m« i » mmm^m » 900}t 
(350 m 15Q0)» (500 « 1700) ihiA (40 140) «•?/• 
f9 miBmiA9m mMhmAm f«««a0%tmii 1MK?« 
laidi i«iit*««iiii In flit wmmnim iftt^vnl 
(290 • 900) «•?/• »«•!•«»« f!it •%Misvti »ui%«]r Mt yvotOM* 
mA iHmr y i m mm ««11 mm Hit wm^w mf 
H&mmm purtitfLtt ftyylyHf Afffoyxiat* ••motion* 
tmm tlM §mmmm%w ottwar !••••• wet twHMudMA in 4»2. 
Tftiioitt tkMettttaaotitt tf tilt ytjrtitltt» «itli tt tlitijr 
fwftttatf of «ii«iitA» to»»il.%titttt %ttiftta Mittitii fstfttn* 
titt of flittt ywrlltltt ittA<V^> t » <I|^> « i i 
tafiilAs wiA •oatatttN AlttxiMioat hm'wm hmmm AitttattA ia 
tilt ott^ttfatat ttttltat mi tiaa Olwyltv* 
liyflAltiH;^ gf l i l l i i 
A amtltair taalalta atatk mf Mtm taryt ft^ylattoi t tat i f 
tiai tf 15 «iitalair ftUitltt* taOh tf ta Aitatttir MA 
lli'O 
«00 ! » ttiitlmtaat n^ xpvktmw {mm) ^ 50 
SHMvoiMi li«f« ^ a «IM»4« nine AMSI^ of tlit ^aui wtm 
'^'lo' flM tmiM mmm m^mm^A 
- 190 Xaiid U47 psiMwy 
imrixkg wiiM ifti««t mui^ tv of 
tiMk* vitli l^im idltbia 20 m fxom 
yiu^M of til* aatkMrais* vmtvX wt^m mim thtw vtAuottf 
to IW* 
4.3 Voltito < tiffojetnf tm^ 
ftl f t f l l i t 
fbo Tslmoa of < iTj^ ?, < # mA oil 
oad fov pso^oiit Aowtosotty tfitoii and pton proatx i^ng otoso 
hwm MMMxisod ia 4»1» for tho mlw of oottiiMeioeB» 
«ho voliito of thtoo fmsoaktovo for U ^V puTkoXmu iistor-* 
ootloao o%taiiio€ Slitn ot oso FLIROII 1A fOMio 4*1 for 
otaio vl « i Wmm h^m to%lo it io oloor %hm% tho 
vrnlnoo of » < <r «a4< lti#ior in Iteo fso«oa« 
ioatoxoat trltoa mU olov yioa ^jpoiaeljii otam ao ooapaxod to 
tlio «almoo of tliooo paxoaotoxo for all tho ataro* It la alao 
aooa ttiat tho valaoa of< »< tad <r l^>aro aot 
ttao aaao at liotb tlw oaoiiioa for oaoh tyyo of ovoato* miio 
iloorofaaojr ia ISio valaofof tiio alovo faxaaotoxa aaar l»o duo 
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I l l "3 
fH* mm mOLm •f t t And v^ tflov 
ploa 9]»iii«lJMi vitti 50 n-^ mMlmm mlXimitm^ 
iftmiuitt hf^jzl^ t^ s«cft«tivtl3r as mipwraA 
to 1lt»is V»33MI(i #f laX t]l« 
In tlMi tf txitOA fxtimoiaf < t < 
tmA<9^haKm h^m imm to SX^  aiiA 
timn* 9«3nuM>1«»» hmm ^ ••ii immtm W^JlX* 
^^ ^ ittttsisitiac tlwt • 
•iiftit ISftMttM iA tli« irf£L««« of < im Hi* « I IM tf 
ysoAutioi mA tSktm flettt m 
emwtmA tlMi ^mm t99 mXl tim 
of 
Hgf llttgjt 
WHdBmtm tm^minm of 4tmt«x»it«« fsitotw 
•ad ildv pioiui in tli« Atikvs W^ :^  7 iivoti 
ia fttHl* 4*2* flM awilwiei ixk liiMlMt mpMMat tin fz<t» 
fiitii«i«c of dtntosoaa md tidtotts S» Hio aomitiM lAtoxvutle 
(900 • X500) «»t ( 7^ * X700) HoT/o ^ ^ to 
tlio aosMitiiB iatoirfia of fostloXoo i W tiaoko^ 
Sooiilto fo« iMWioloiMi inlomiotioaf at 34 tmw 
•loo ^oa cliNm ia tlM t«lilo« fl»o fMfiioaor of i»«otoa? lo 
5*82 0,07 909 otav vliioli lo olBeot tlio ooao ao la tlio 
1 & 4 
•f 14 M MXt9AMW§* 
nm mmXU Im 4*1 iailMtft* tiUjitlM 
twwamBimm •f 9x«l«ii«t itiit«i»ast t i i t m aiiA 
]ri«ii« « f •1lt«ia«i in tilt fXtMMt 
•xytxiacAt itt til* tm MMMMita i»t«irf«l.ff^(0*25 * 0»49} 
(0«45 * 0,9 ) «•?/• ftHtlMA vltli HidM tf OtlMV 
foir 24 lAt*iEmtti«m» in M l * 4«5* 
fftbl* 4*2 «• fsvftttiuilt* of 9«vli«}.««t 
Wm&mtm 
9»«of Oo»ni#-
(WT/.) H S ' 
50 M 24 ft*T I T 
mmrn 
C250- 900) 508 5051 5.S2j5P#0t 5. 5j0.0t 
(550.1500) 1S9 95€ l,19t0«04 
(0.95^*05) 
1.09J0.04 
f d t m (500-lW) 52 265 
(0.22|0,02) 
0*55tP«02 
( 40* 140) 49 52« ©•55$0.04 
flM #f f I n MMmtwi 
Sat^sfiO. (0«2$ « 0»49) «•?/• ia tm 
C»iuf>*f S i m <11) in^ie Mi^vWa 
flaalAvtlHi til*' ili«w til* 49mfmmn yl^ XA tayloa 
4tt«AMtlMUy wltli wmimm fliilA. talil* 4*4 lAiovs thftH tlM 
m 
4*9 • fi«lAs«f f * a A *t iitHwmt 
•Atllllis iM •ewsts (0*1$ <• 0*4$) 
mU (0*4$ * 0*9) «••/• f * » imiaim. 
(©•t5 • 0.4f) «•?/• . (0.45 - O.fO) «•?/« 
^^^ fMMttt vtxie 24 fMiMt ir»]ir 24 Otfi 
(50 i»ai) (iHMi) (90 s^p) ( y W 
2.55 t 0.17 l . l i t 0.12 1.20 • 0.1^ 
I>m%«smm0.42 t 0*14 0.14 t 0.18 0.18 • 0.09 0.10 t 
«/l» i 0.05 0,25 t O.lft 1 0.09 0.09 1 0.09 
mtlo of th® of ipimtimo ioft A«ii1piii« la alnovt tho 
•M* iti teth ^ t lJi%«ma.e9 !*•«» 5S1* tldoi x««nlt in 
fOoA siiOMoat v i ^ litsMlto o^aixMi ottiosr mtkitm*^*^ 
M l o 4*4 fit* jriilA* fxoteao mA in fkio 
MMitatiui itttoml (0.25 0*45) M / e ftv nnolooii 
foir fit* .two ixiiif^ of 
17 
2.59 • 0.0< «.45 • O.lt 
O.Tt t 0*04 2.20 t 0.09 
lli'O 
fh« fjptfVMiiejr of tHow pleas ob««VT«d in tli« ps«««nt 
•zp«viMat U (0.42 i 0.05) vhitli ^eat of til %h9 
g f f tntoks. Qettfried' hM r«i»ert«d that of tht total 
« 
gxoy tmoko «x« ivm to i^ Lov pioBo vlioroma FoifoXl ot ol*^ b«vo 
fiToa a YoXito of flio Toslotioa of tlio fvo^ monojr of 
oaiooioa of pzojr pioao with tho IHOTOMO of oaorgy io oaall 
M ooaporod to tlmt of tlio ohovor pMrllelo matipXioitjr* 
4.5 Swioolon fro^ttoaoloo of p»gtiOloo > fttaotlon of^ -Wj^ t^ 
iritlii<r8}|> t Hovo vo pvooont tlio dopondonoo of 
oYorafO OKlsoion froqitottoioa of piTOtonsy doutoxoaot trltoao 
oaA oloir pioao doaotod < f^ > # < f4 > » < ^^  > ^ ^ 
MopootiYOly oa < • ^ovs tbo varlatloa of< f > 
vlth <!] ,> to's oaoh partloXo* Avoroito Milooioa firoqutaoloo 
of dlfforont pairtioXto for 4i.tt9xmt<\> aso gliroa la fablo 4«5* 
foblo 4*5 • Toarlatloc of avoso^o oaiooioa frotuoaoloo of 
partioloa vltfc < 
*ATonio fvo» *ATosaio fro* UTovaio fxo* ^Avopafo fso* 
1 qaoaoj of taoaoy of qaoaof of ^aoaoy of 
piotoao^<f > dotttovoao^<f^ > txitoa%cf^> pioao 
8.28 1.71 • O.lf 0.49 • 0.09 0.79 t t 
15.79 2.74 t i t t 
19 5.00 • 0.49 l.«5 • 0.2« 0.44 • 0.13 0.4f • 0.15 
25.2 7.56 t 0.9$ 2.8^ • 0.36 0.62 • 0.17 0.59\t 0.21 
ik 
1 0 8 ^ 
FIG. 4.1 VARIATION OF E Ml S810 N F RE QUI NC V Wl TH< N^XH-> 
< Nb> AND < N| > ' 
lli'O 
VaxlAtioii of<r f > vi'lh < is liMme i^w pxotoiMi» 
•^tttvxoiM tnd mow pioav* TIm laem««« lac f > fo£ 4«tt%«sons 
is Xsaa sftpiA ss eoMpsxsd to Hims for psotena* fh* wrsnc* 
••issioA f«iqi»«ii62r of tsltoasf < « i « IbwMt to iaezsass 
quAdcutiOAlXy «i1lh<lf|>, Kluut al*^ aiss xsportsi ft 
t^uftdxfttie inoxMss !>«tir««]i c aad cHj^ ^ • fh* irslatioft 
'b9twn < And < t diff«x«nt pastiolss atar 1M mpm^ 
••nttd %}!• ^ following squat ions* 
< • ( 4a ) 
< f ^ ^ . 0.75 0^3 < \ > (4.2) 
^f^^m 0.067^ 0.001<ljj>^ . . . (4«5) 
^ f^ T- m 0.04 Q M < \ > (4.4) 
!rhs iMthod of XsasK stttAxes has bsen used to find out oil 
ths rslfttiono. 
4.5.2 Pspsadwtos of siisgioa fgsqusasy on t la 
Pig. 4.1(b), ths vasiations of < f >«lt!3< I„>haT* bsen shosa. 
fbs csXatioaslkifs Mwssa sefSMfO wiiissioa fssqusaoios of 
dsutoronsf t«i«ons sad Aow pioas asy bs zspzssoatsd as 
<rf^>« oa«4 • O.aiO . . . (4.5) 
< f^> ••O«0e7 • 0.070 <lf^> . . . (4.«) 
^ 0.187 • Q*oyt <'ir^> . . . (4.7) 
Fjroa tlis abors sfuatioas so sss Hi at ths ssission frsqasaeiss 
of d i f fomt favliolos w y liasailr iAtli<H > . iOisn «t all* 6 
1 0 8 
hair* alM Mpovtti aiallur MtiTloi&r* 
4«5#3 INiyadfiiO i fit* fwelation of 
<f intk< htm h^m ttom in fig, 4»X(o)* It wir te 
aolleod thftt < f ^  laavtMMia IiB««rIr idlid 
< fhm MthoA of otttAxoft f i t lifts boon for 
aolorniaing tlio fo2JLo«iii« ot^tioiijbotirtotKf ? 
<t^>m D.iSO • 0*043<%> ».. (4aO) 
4*5.4 Yoxifttlofi of <f>vi1tH fhis seotion 
I I I I w i i t i n B 
With tht ottidy of tho depondexMso of < f^on < « Tho v&si»tioii 
of <f >wi«i <Hjj> im» hmn. pXottod i » Fig. 4»X(d). furthor^ 
<t> and hftvo fotmd to mttiofy tlio folloviitg 
voljitioBohipot 
< fp> « U n 4- 0.il<I!,> . , .<4.U) 
< f ^ > « 0.5904. . . . (4aa ) 
In this « « «• oXoo liaoav iofonftenoo l^tntoiK f 
hmr9 boon oboswoi. 
lli'O 
4»6«1 Sdptttamog of »n < y for iiti-Nion pgognoiag 
mtniisim yroauotloii of dotttozonot tSio 
dopoaaonoo of< for all Iho and fox tht 
dotttoson pseodiioini •tars havo 1>««ii luroatiAatod. 
fboxo oxloto a Haaav sfolatloiu^ll^ batwaa&< a&d < for 
tho two oatOfio^ dLoSf whielx Mtial^ tho folloviiig xoXatioaahipat 
Iff,^ ^ • 0.92 • 4#74 (aU tyiMi of atara) . . . ( i a s ) 
< « 0*73.< 7*99 Cdautosoii prodaolag atam) •••(4*16) 
alao 
< • 0.6T< • 8.64 (for thm ataxa tia:riii« 
" ^ damtorima idth anaxgiaa 
(50 • 2.00)KoV) ...(4.17) 
< « 0.66 <njt 7.35 (for stars hailAs dautrona 
® « Idth aiiai«loa(100-520>K«?) ...(4.18) 
Sha foUoidiii lAportaat faaturaa aagr l»a iiotad tmm Htm 
fifttxa a»d tha Al»ova xalatiOAa 
( i ) for ft ilTan<!l^« liia vilva of ia graatar for 
dautoron prodnata^ atara aa ooKpart^ iad with all l^a 
atara» i^ak aagi^*^* ^ ^ t tlia avaraga axaitfttlom of 
tha Mft^oi ia laaiar in davtoron produoing atara ia 
aoayariaan vitli all tbo atara avas idiaa tlia nuB^ar af 
raooillng yrotona raaaiaa tha aaoa. 
(Li) Ilia anramio asaitation for Hio awaata ha.viiig laaa 
anangotia dautaaoaa ia aora ia oospariaon witli OTMta 
z-lO 
fl All type of star 
o Dtuteron producing stars 
9 Stars havingdeutfrcns with 
f n t r g y t 3 0 - 1 0 0 m e V 
& S t a r s h a v i n g d e u t r o n 
With energy ^^ A' 
0 2 
< Ng > 
F G. A . 2 I a 1 D l P l i v j D E N C E O F < N i , > O N < N g > F O R Q E U T E R O W 
P R C O U C i M G S T A R S 
1 ti ! D E P E N O F . K ' C E O F < > O N < F O R O E U T t ^ l O N 
: ^ 5 ? 0 D ' J C ! . V G S T A R S 
l i O 
IkATlBi eoapmllftljr wivxi^tle Atut^xoat* 
P»ynd»iiot ot <9oac W^y fpx dtatTOii paotoeing nttkxmt 
Rilfttiofi«hi|>;lKitii««n<r hvf 1>*«n •tudi^d In 
thia MotioaCFif^vzb)* T k w ralatlonshi^a My ratixttantad 
by tha foXlovini aquationa 
< « %32 (all tyi>« of a%ara) •..(2.19) 
4#92 (dautaron aaitfin« atara) ...(4.20) 
also* 
0.28 a 4- 5.87 (for atara haTlng dautaron ® mih aiiar«laa(50-10O)Ka?)...U.21) 
<if > a 0.33<Hfc> 3.75 (for atasa hafing dautason 
® " anargtes 
(100 - 520)Ila^) ...(4.22) 
Folldvixis eon^ttslona saj ba dsaim txm tbasa calatlona. 
( 1 ) Fo« a gliran valua of < tbe araraga aliowar ia\iltl-
pllelty la lairgaif In dautaxon pjrodiuiing atara a a 
ooaparad to it a Taltta for a l l Hi a stara. 
( i i ) Tha aba^ affaot ia aoxa aignifleant in aranta with 
laaa maxigatio daatarena aa ooaparad to tha avcnts 
havini anarfatle dautaxona. 
4*7 nmrnik PifftH^UlfllfflRi* 
Tha aoaanta diatvibationa of 9rotona» davkarona, tritons 
and ^ov piona haira baaa ^loan in f i i . 4.3* ^aiuaa of 
n o ( < = v 
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I l l 
for diff«s«ttt ipArtlel** gXrm la 4*6* 
v«sult for p-«snilgloii o«lXl«loii» vt 24 W is alto glvan 
fov thB Mikt of QOMyurlaOfi* 







{50 Q«V ii«>8b} 
MoV/o 
416 • X8 
635 • 51 
1059 z 






703 • 69 
780+80 
98 + 12 
from tablo it i « el««r t)mt th« ftTosAgo aomata 
of th» psrtiolM alao«t indopoaicat of th« aaturo mnA 
•tmrgy of tho pTimmxf partiolot. 
la fablo 4«7t tho valiio* of < p7 for dlfforeat 
partial•• la diffozoat latorrala hairt baan attaaariaad* 
It ia foaad tliat tlia Tiilaaa of < p > far diffaraat paxtiolaa 
raaala aaoltaaiad vith tha awibar af haavy proaga*^ • 




2 < « 
597 t 35 
625 • 35 
XQX 22 
407 t 
641 t 72 
91 t 9 
Hjj^lS 
(li«?/o) 
425 • 21 
671 ^ -liei 
89 • 8 
Tho mommtm aisteiliutioii* of pxotons and doutozoas 
boen found to bo ropveoontod roaaonably vail by tha 
following ascpzasaiont 
H(p) dp • ^ axp(^p^) dp ..•(4.2?) 
ttliera a and ^ aza oonataata. Sha rtimw of ttiaoa oonatanta 
hsra baan datamiaad uaing tha sathod of laaat squaraa. fha 
•aluaa of a fox protona and dautasona ha^a baaa aatioatad 
to ba 6.09 « 10"^ (MaV/a)*^ md 2.23 z lO'^ CMaV/o)"^ and 
tha oorraapaadlnf Taluaa of 0 hava baaa found to ba 
2186 (Hof/e)"^ and 686 (MaV/o)"^ zaapaotlTaly. 
7ha Taluaa of d/p mtiaa in diffaxant aoiMnta intarrala 
obtalnad fmm 7i«. 4.3 aaea «iTan ia fabla 4.8. Tha valua 
of d/p zatio aaaaa to ba naaidiy tha aaaa upto a aionanttui 
•^0.45 Oa?/c par auelaan and it falla rapidly at hi^ox valuaa 
lli'O 
z 
of aoMiita, Zftfftr al* at 24 OaV hava alao obaawad that 
d/p vatlo l a 0 * 3 a aonantua 0*4 Qaf/o pas naoXaon and 
at hi«har aoaa&ta thia ratio falla tO'^O*!. 
Talila 4*8 * Taluaa of 4/p vatloa In diffa3?ant aoaaata 
intaifrala 
IRnMBPWSVWniflMi 11 W'lMm M W 
MoatnttuB par noelaon d/p 
(ffa?/o) 
0,25 • 0.550 0.20 t 0.03 
0.35 - 0.45 0.15 • 0.04 
0.45 • 0.55 0.05 • 0.05 
0.55 - 0.65 0.037 • 0.06 
0.65 • 0.75 0.075 + 0.07 
wagwm w • w • w a w • • 
Fig.4.4 ahova tha aoaaiita diatidtrntlott of psotona aalttad 
OA 
tmm tha ifttxaa emup^of atara eXaaalfiadACD 0 ^ 
(11) 7 wid (111) Vf^^B, Tha valttaa of tha avasaga 
BOMAta of pvatoaa Mlttad fzoa tha ahova oatagorlaa of 
atara hava aXao haan oaloulatad. Thasa Taluaa ara 403* 4X2 
and 4X8 NaT/a vaapaotlTaXsr. fhua, va find that avaraga 
Boaantua of prataaa raaaliia va^attgad In dlffasant 
H^  * IntazvaXa. 
3S0 r 
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1(1 
Ppml^t^m n f^ Aaiftf fta^ ^^t ffi^ittttt 
plots b«tv»en the RoMntA audi th« aiifl«8 of 
•nissioa of protoaa* doutoroaSf trltouft and Aov pious ftrt 
in Fi«* 4.5* At difforont ai^los of Misaion, thox* 
appoara to be diffaxvnt upp9T Xiaita for tho taoatfita of tha 
partiOIast li^ioh daoraaaa with tha inevaasa of tha angle of 
aaiasion* 7ha data point a afioini ia fig* 4*5 eorxaapond to 
the tsaoka o» ihioli aotual Baaauzaaenta have baezi doaa. Oaa 
to tha aaXaotion oxitevion ia^oaad on tlie dip of ttia traoka 
aeleotad for aeaattxeaentsy tha aaasoreaantion partieiaa 
esaittad only in a particular range of aolid angle oould be 
aade* fo correct the muabor of event a due to t -ia geoaetrioal : 
loaa* e^ry observed event haa been aaal^ned a veightage factor* 
The variation of the neiflhtage factor vith t)» angle of eaiaaion 
haa also been given iii 5'ig. 4«5» fhue, while looking for 
various diatributiona of theae partiolea* aocount «uat be taken 
of thia factor. 
The average aoaenta per nuoleon of protonst deuterons 
tritoaa and alow piona in different intervals of Cos idiera 
0 ia the angle of eaiaeion with reapsot to the prioiary in the 
laboratory syitem, have been shown in 4.6, The intervals 
of Coa 0 have been ao chosen that tlie nuaber of observed 
partiolea in any interval do not beoome too amall anl the 
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COS ® 
Ff®. 4.6 A fLOT 1£TW££N <j> SSFfEREt^ T fAKTSCIgS 
IN OirrERENT (?»JTEKVALS Of COS ® 
l i i ) 
tb« f igur« that for th« pftrtloXts •mltted in tiaokvarA 
dlreotlim* tha nomaiituiB tnir nuoXaon Is Indapandaat of tlia 
aagla of aniaaionf Imt for tha partiolaa a Bitted In tha 
forward di£eotio&* the saoaont^ inoroasaa with tha Ittovaaaa 
in tha aaiaalon ungXa. 
Fifi* 4*7 9how« the angtilar distributions of protoat^ 
dauteroii9» tritona and alov t)ioa@* It ia aeon that theoa 
partiolaa are aaittad mostly in the fonmrd diraotion* 
Angular distributions of all the pazrtiolaa are ^niaotropio. 
Forward to baolmrd ratios (F/B)' for thaaa nartiolea ara 
glrm la, Tabla 4»9« Viauoa of ratio for th©a© partiolaa* 
at other aaargy aro also givan in 7abla 4«9* The i/B ratios 
ara naasljr tha saso for protons* dauterona and alov piona 
and are independent of the energy of the inoident particle* 
The avarage Talue of t^e aediaa angle^9 (the an^le in «hieh 
fly half of all the parti^ea)» for protona» deuterona fsid 
slov piona axe alao given in Table 4»9« l^ he viduea of the 
nedian anglea are alaoat the aane for all these partiolea. 
the average Tiilttes of deuteron to proton satio (d/p) in 
different intenrala of Cos ^ hare been given in Table 4«10« 
The ratio d/p ia obaerved to reaain unohangad in different 
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FIG.A.7 ANGULAR DiSTRIBUTfON OF DIFFE R E N T PARTIC LE S 
m 
tal>X« 4»9 • Valuta of <in(l<»^> of diff»geat p»rtloX»»» 
PartioI«8 
F/B 
^xtiaaat Work 24 GeV *^^  ?3c«oent Work 
(500eV) p - HB (500eV) «-Bo 
^rotona 1.96 * 0,16 2...0 • 0»20 54 • 3 
Deuteroaa lm9B ^ 0*20 2»40 • 0«30 53 + 4 
3low flona ^ 0.50 2»40 • 0*40 ^^ t ^ 
fabia 4.10 ^vfyMt nl^n imtmn mifW 
,li illtlffOTi i^f^ lfBTP?.!* 
lV6Si816'5!tS#38BBSl8 
Ooa » Praaaat 24 
(^oaa?) (p • 3a) 
1 - 0.4 0*34 t 0.02 0.14 • 0.03 
0.4 - 00 0.41 • 0.04 0.19 • 0.05 
0 • (•0.4) 0.39 • 0.06 0.23 • 0.06 
-0.4 « (-l.O) 0.37 • 0.05 0.17 * 
m ieaimgi,-a nmatstmwi wwi ww nn aafcw • Ki« -j i—wwaWB wwaeai—awsw 
l i V 
4*9 iCTBtftm ^RHwati 
fh9 trftti0V«i»« BOMntu disitsltmtioao of pxotonst 
dtttttozonst tzltoiui fknft tilov plont banr« b««ii pleitt«4 in 4.8. 
tt tcoR 1ih« that th« prnttems of the tranenrorse 
aoMota (p^) difitclhatioiui of p » d V t ALTO •Imllfir tmt for 
tho grejr plons It I0 quito dlfforent fxoa those of th« rost 
of the partioilos. 'rho mAueg of < for those partleles aro 
given in Tahle 4«X1* Xt is evident froa Table 4*X1 that < p^> 
inoreaeee with the partieXe naee* Xt doea not depend on 
enex!gy m3t the nature of the projectile* 
TabXe 4.U • Tilrffi ^ m m m i9ff?itft 
uttmm .tty^i^tt* 
t s B a 
PartioXe Present Vork 24 ©eV p 
<50QeV) «*3a 
Protons 305 • 8 508 • 6 
BeateroB£ 46? jK X6 457 * 2X 
friton^ 687 ^ 39 550 • 55 
aXow pions 55+5 • 9 
foxxoviac aaaXytleaX expreeaion haa been found to f i t 
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saiDiiwvd ^ ^sawN 
lli'O 
» C > P ^ ) • C iw^/ f •MP « ( p ^ / f • • • • ( 4 « 2 4 ) 
v h m 0» « 0 mr9 eonstfuitg* f h e T a l u t t d f t lwo« 6o»0t6i i t« 
f o r 9moh p a r l t o I « hmwci g i^^n in 4«X2* eunros 
i n F i g , 4 * 8 m p T 9 9 m t ths abov* r » l « t i o n i r l th tb« o f 
the oonstfti its glvttn i n ^adlo 4«12* 
















4.9.1 Oopinaoaeo i»t<p±> oa ghoifr p»g»iolo gttXtiglieityi 
5ho -fasriatioaa of la «iff«r«at ^^ • IntowaXs for 
p » d « t aaA alov piono haro booa atudied. The valuoa of 
<p^> ia th» iat«rral« ( l ) (li> and ( i l l ) 
liava giToa la Tablo 4.13. Xt la aaaa froa tba tablo that 
valuta of <p^> reaain practically oonstant in the thr«« 
groups of aTaata auggaating that the valuea of <p^> do aot 
dapaad on ahoaer partlola aaXtipliolty. In the oaae of trltea^ 
there aeeaa to be ao^ irregularity vhloh aay be attrlbated to 
lli'O 
£ftth«r poor •tatt«ti«a. Tho iraluM of of th«8« 9«rtloX«t 
pxoduood in 24 0«T 9votoii<»«naision lattmotlone «Xao •xhlbit 
a siedlar trmd? Smxml autnova^^' ham iiiiraatlc*^*^ tba 
daprniaanoa of on aaA havo fovmd tl«t < !• liw 
of < • 
fablo 4*13 « kvom^m Taluat of tiiaaawm aocaonta in 




24 QaT^ ®^  
•JSLmSM 
IS B w 
Pretoaa 307^ 09 304* 9 500+10 
Dautaxona 4Al±Vf 486+1® 46%15 438i27 475|T7 A45*n 
Sritoaa 774i48 785t49 540+62 630^ 65 
SBow nana 79^ 9 7 ^ 8 61* 5 - • 
Yagiatioa of <y4 > witit part tola aaaa* 
fho aifoxasa tiiaiiavavaa mommtmk > t hm» baan obaavrad 
to Inovaaaa with tha Ifioraaaa of tha partiola nasa aa la a^ldaut 
frai Tabla 4»11» It ia found that tha variation la of a ragular 
nmtWBo for 9s»taaa» dautaxoaf and tsitona. For thaaa |»artleXaa» 
lli'O 
M^ witli MM hf tiM Mlowiaf MfiadMl 
< II® ••• (4»25) 
«)i»i« II is tki« MS* Of til* In twit* «f pxotoii MMgi 
X mA m ooiist«at« to Im tho •xyovlMBtal 
s«««Xt«« A •lMlX«r AtyoaAtiioo luM \M«B o^ baovrtA MaaoA 
A 
•t ia» aliOt flM wliMS of K «iA n lunro Vooa fouaA to ^ 
500 lloT/o mbA (0«74 * roopootlTOljr fo:r p, A oaA t« 
4* 9* 5 PoponAomoo of < p^ > on tho o»l»«lott OBflot 
fho volttoo o f p ^ > for psotoao^ Ao«to»oii% tsttoao oaA 
•Xov pioao oalttoA la vavloao •ngvOajr latorvaXo hoTO iMioa 
9)mm la fig. 4* 9* It io fouaA that tbo valaoo of < for 
pxotoaof Aoatoxoao* tsltoao «iA olov ploao iaoxoaoo «ptO''90^ 
•aA tbosoaftov it otavto Aooxoaolaf* Tho pattom of tho 
•aiFlatloa of <p^> vlth tho oalooloa oaclo io olailav fos all. 
tho pastioloo* AhaaA ot ol*® haro lopostoA that< p^^iaosoaooo 
aptO'>'40®. 
4.10 imi4imiii3L m%mit%iw 
fho ahooXmto loacltuAlaal aoaoata, ) • Alotxllmtloaa 
of pavtiilo* h«vo hooa pIottoA la fic* 4*I0« HOfO iro naA a 
aloo oiailaxitir hotwooa ( •Aiotsihutioao of p, A oaA t* 
llOifOTO»» AiotiHlMioao of Olov pioao appoas to ho oifaifiooatlar 
Aiffoxoat* f i i ^ s foattavoo of ) Aiotrihutioao of 
pavtiodoo pioiiooA la 14 9ot psotoa-oailoion iatoxaotioao hairo 
lli'O 
lEO^bj 
SaiDllilVd JO i/39WnN 
lli'O 
b^tn z«porl«d by AhmA tt « fh* mfmgm 
XoBiltvAiiiml aoMatay^] of paretoas, a«utroii«» trttons 
ftBd Aov pioas WW girm la 4»X4t whloli also iAtHvABm 
••Ittta of < ]pt ] > of thooo partlolos inittod la 24 OoV 
protoa^oanloioa iatozaotloas.^^ 
fabS.0 4«X4 Ttiliioo of XoB«ittt4iB«3. aoaoata of partioioo 
la mv/e 
tMsfagiairttfaBfeai iiiiiMiin wwiiBiiiiii n wiwwi mm niaBituiiagttsaoBBWiieisi 
7>.<.«>4 facoooat Voik 24 OoV ?arti<a>o« 50 Q^jf ^ ^ ^ iH.Ba 
frotoao 254 t 9 223 • 0 
Botttozomi 501 + 19 345 + 55 
T*ltoao 5X3 * 37 417 • 50 
SXow Pioao 4X • 5 5 6 + 6 
Vo baro fouad that a ooaaoa aaaXytieaX oxpcooaloa 
xoyrootato tbo oaeyoxiaoatoXXjr obaozrodl | pil «>4i«-lrlbiitloas 
of p, d aad 
whoM C*» «* aaft axo ooaotaato. fbo vaXaoo of a* aad 
0* baTO booa ootiaatod to bo X*0 oad X«6 xoopootlvoXar for 
aXX tHo partioXoo* Tbo ToXaoo of C* fov d and t ooao 
ottt to bo X8.75, 5.«4 ffid 0.077 (MoV/o)*^ soopootlToXy. 
lli'O 
Za rigm 4»10t muiFv«8 jMprttm't tht «bor« •nmljrtieal 
foAetloii* 
4«10*1 MpMidCttet 0f<{P2\7 0ii th« ahoir«v i^axtlel* 
rnSkmnm^^ la ••15. th* Tian.. of 
Hi* pftstielAt pxodao«4 la th« •••nis eluuraet«rls«A 
41ff«Mnt TEluttt of H^  httf* 1i««a givva. It Mky b* 
fcoa tmblo lihat Tslit^a of any indlTidaaX 
parkleXo fov th» thxo* gxoiipa of onranta raaala psaotioalXy 
tha aasa, Tima tha aTasaga "valuaa of } of diffarant 
paxtloXaa do not dapand upon tha ihovar aultlplioltx* Taagar 
at al.^^ hava aXao found that <|p {^> of alov piona pxodaoad 
in «*Ha lAtacaotiona at 10 QaV ranalna tmobaiifiad «lth<H^* In 
fahia 4*15 tha vaXuaa of<{P|^|>for diffazant pavtlolaa psoduead 
la 24 Oa? p^uOIaua^^^ c o l l i s i o n s have a l s o been g i v e n . 
7abla 4*15 * Araxaga iraliiaa of lOBKltisdliial ttoaaata In 
dlffaiEMit S,-latama.a In MaV/o 
Psaaaat Vazk 
50 OaT is^m 24 aaV p*ia 
Fartiaxaa f ^ r - 8 " f ^ 5 J / 7 It.^i 
Psataaa 2di2n 264il7 2X8+U 2X6+X0 2X5+X5 244+X9 
Oantaxana 303tl6 51Xtl4 30XtX« 547+22 554+4$ 564+42 
fvltoaa 461+55 5X9i37 5X3+45 473+7X 576+51 570+67 
•say M.Otta 44t 5 4Xt 6 3Bt 5 4M» - « » 
gmm^amtsmmmmwrntM 
lli'O 
4* 10*2 Otynitaot m —a»i Tim 
of is HivaA to IAOMSM vith «ht tftrtioilo Mot 
•• lo elOAT fioA fmVl9 4»14* Vor psoteaf 4«uto«eiii» aaA 
«sltoa«t tlio •xpozlwiii'lia T«ltt«« cr« aiooly xoyzoteood ^ 
tho foUoviag ••piKleal volatloa 
< /Pj^ l?^  « K'M®' . . . (4.27) 
whovo %* sad a* aro ooaatanta aai X la tho aaaa of tho 
pastielo la unit of protoa aaao* 71mi aaluaa of K* and 
a* h m !)•«& feaaA to bo^224 »oT/e aad (0.67 * 0«U) 
xoapootlToly. tho iralao of tho oxpoaoat la ooaparablo 
wHH ita Taiao obtaiaad at 24 Oo?.^ ^ 
4«10.5 Vagiatloa of »ith oaiaaloa aatfloi Valuoo of</H'> 
of dlffosoat partioloa oaittad in dlffosoiit angalav latox^ 
•ala liaTO booa alioim la f l i « 4»9* Tlio varlatloa of thoop^ i^ > 
with tho aaglo of ialaaloa aooaa to 1m alallar fos al l tho 
paaetloloa* It la aooa fzoa Hio flfuso that < ]P||> la laxgor 
fov Mlatlvolj largor aaaa (hoai^os partloloa) In any 
aaiplav latovna. aiallar ataalta havo alao haon xoportod 
la tho oaat of 24 9oV pvstoaf-wtoloua latoaaotloaa.^^ 
lli'O 
wtmwsn 
A*R. Khmn OAH* Phys* ^ (1978) 226| Can* 
fhf9. (3.^2) 668« 
2* Zftfar ttt :ittOTO Cla. XXX* 
3. f . 8asM»*akm,!fuoX. ?hy».2St (X965) 567. 
4. thesis sabBittsd to iais»v!i HusXla 
UAL^RSLTY, AXlgftshy LAFLIFT (X968)« 
5* K* dotffsisd, Int* Ooiif* en **tflgh mii9Xgj Physios 
•aa SttOXsftr stsao'tvixo*' (X97?)» Upssxst Svsd«&* Jtno 
X8-22, p-79. 
C«F* PowsXX ot stody of sXsasiitaiiaf psrtioXos 
hj photOMmphXQ astliod* (X959) ?«»gMMiii Fr@ ' , London 
(IniXszidTi 
7* H. Zrfsn ot aX., ^uovo Ciia* ^ (X974) 
8* I, AbMd 0% aX«, dan. Phys* JS^  (X974) X26X. 
9* Ksxhotsftt HttoX. Pliys* i i (X964) 55X* 
XO. ihownik and ShlTpttsit Phys. Rw. igjJt (X977) 227« 
XX. D.B.O. Howpisoii OBRJI/To/Phys. (X9«3) 
X2. H.S. Vislc.» ifvsX. Plus. iS. (X972) 476. 
X3. J.M* KohXi, FIt.D. fhosis pilwittsd to Pmijah UaiTS«sit7» 
Chsndi«axli, Zadia (X965). 
X4. Z. Ah8«d ot iO.** Can. J. Fhys. ^ <X976) X077. 
X$. V.M. Tsafsvst aX., Phys. Bor. J ^ (X977) X294. 
lli'O 
viwm m mTbmn 
A bsl«f mk %im •ta4i«« inrolriiif hateoA* 
haAxoii and b«dxoii^tt<iI«iia iiit»z»8^ioiui hM •Isvatfy gtr^n 
in I* k9 MB%ioa«4 0mvli«at» la th« btfltttiOK vock 
alone this dixvotloii vat lialtad to Hia atiiAioa of tho OOOMIO 
ray Intaraotloaa In auoloar Mralaloa. But thoao otadloa wort 
aot ooaolualvo booauao tho aatuxo aad onoxigy of tho iaold«at 
pavtieloo vox* aot aoenxatolj kaova* Bov«Tor» with tho dwo* 
ov 
lopaoat of aeoolosatovoy iatocoot in tho otadioo^hadsoa-
aaoloao and hadzm^hadxoa oollloloao «ao sovlTod* Za tho 
^gianlai aoat of tho otadioo «oxo ooafiaod to hadron-aaolooa 
oolXioloao oalx and iLatov latovoot la tho atudloo oa hadxoa* 
auelotto oollloioao iaexoaaod ooaaldosably* 
•axioao aodolo of aaXtlpavtiQilo ysodaotloa hao aloo hooa 
dioottsood la Ohaptov X* fho aodola hafo hooa dlTldod lato two 
oatoioxloo* aaaolar tlM oiaiU atop aodOIo (San) aad tho doaUo 
otop BodOIo (JMM)* la tho fixot fsoap of sodoiof tho ooooadasgr 
pavtioloa avo aooaaod to ho yioiaood dlsootlj la a olaclo otop 
dmxlac tho oolXioioa* ohllo la tho aoooad olaoa of »odAo» 
tho latoxaotloa lo tigMllaod to yxooood via tho foxaatloa of 
ooao ooayoaad ogrotoa liiioh aahoofaoatlr fivoo tho flaa2. atato 
pastloloo* fho aodolo dlooaoood aaeo latxaaaoloav oaooado 
lli'O 
miloli faUc iuA99 Hkm fivat Mtvfoiqr th* 4iffi»o«iT« 
mUlf HytstAjrwuiiOttl a tMt MAtl, 
hjr^xlA ittA MlWKimt wid^ vtiitii •«•§ 
••Mtii of th* iatsmmeltav 
Mi«X Mt iiktlvflr MMit of tilt tetft «t 1iii)i»y 
•Miflts* Aiffimetiv* •xclffttloA MA*! that th« 
A«9tBA«tto« tli« Matifllttitj on •mwgf im 9«a»«Xtiu 
•ad VP MXiinioBs •houlA tli« MM» thm 
•li«ttl4 IM m^xgjf iiii«9«ai«Bt and •aXy ii««3ay (l«pfnd«&t «b 
tb« MUi« wmSlfJt 9f %h9 tMeg«t* fh9 hyAeedyiuuBleel 
px«4i«ts a^ « £tt tlM Amx Mdet, It is 
MswMd Hiat th« f l «x of MseBltt aattor tlio 
••••ntliil wtaimVL* that coroxno tho OMly OToXutloa of tho 
•yotOB ft&ai it i « tlio OMOodo of ^ i o fltiz ma& aot tho oosvoa^ 
tiottoX hoAsoM that ooowr im tho mOloms ooUioiono* Za tho 
hyhviA MoAol, tho anltifostioio fiaal otato io oooaaoA to 
loooh thxoHih tho fomatioa of tho iatoxaoAiato ototo* Za 
tho oaoo of hoifo»-«»olooa ooUioioaot tho fio|ootilo mi, 
toaiot fooo thsoagh oaoh otho» oat oaoito oa^ otho» oat 
ooatiiMo iaiofoaioatiir to tho awihoy of faatiol.oo ia tho 
fiaal otato. Za a haiaoaHMOZoiio oollioioa;^ at oaffioioatlf 
hi«h oaoanr* tho hoaa favtioio oooo a voiar thia aMaoao oai 
thao iatoaaoto oiaaitaaooaiiljr lith ^nmOlooao Ifimg ia a 
taho of aaoioao tf^oaf ito taajootoiqr* Thia ao«oX fioiioto 
that io iaAofoadtal of oaoifjr* Za oohoxoat taho aoAoX 
lli'O 
tlM fT f^mmnvm 9f tim watiboiir timaJL 
in haAmtif^ haAmn, 99lXlwiam liigli ta« «g i « « i » •• 
l ^ M im !ui4x«»»* am«X«iM m l l i i j p f t i f t l ^ * 
f i«4 iMi t i« t t t i l * att«a.tQ»s i n t i l * o f t lu i in t lAt i fe 
iMiAaevA i a « i A » t l i * t a i i « t itaoa.«iti o « i te ma M t l n i 
fMs 9iroo«M oaai Asaeieilitd ttjr sam 
^lil'alea]. i^ioti ix* a * t i m t mia^t t a t l ia a o X l i a l a a 
Datvaaa 'twa l iadMaa* 
f l i a x t a a i t a aa 400 9«T p«iiQe].«ua i a t a s a o t l a a a l ia ta 
1>aaa ^ j^aaatad l a C b a f t a r I I I asd aoapaiflaaa a f tbaaa 
s a a u l t a with t l ia s t a a l t a o^taiaadi l a t i ia aaaa o f SO Oa? 
« *> • • o l a i o a i a t a m e t l a a a liaa a l a a l»aaa a t t^aptad* Va 
liaira aXsa aaapaxadt aav Aa ta wt%h tha d a t a a t ot^av a a a i i i a a 
f a x aaal^aaa aa aaUl as a-at ial«i ia a a l X i a i a a a * 
avaxa ia v a l a a a f i a 400 Oa? f««melaaa eal l l«> 
• i a a s a a a t a a a t t a lia 7*44 0«19« f l i i a t a l a a l a aaapaxabia 
w i t h t l i a • a l a a a a f <V|^ > a^aaxrad a t a t i i t v aaaisglaa* f l ia 
a f f i a x i a a t a aaaataaar a f t l i a Yal.aa a f < l ^ > v l t l i l a a l d M t 
a a a w aag ias ta t t a i t t i m yvaaaaa a f d l a l a t a f x a t l a a a f t i M 
t a i i a t l a laAayaadaat a f t l ia l a e l A a a t M iaa i r * I t ! • aldalsr 
aaaoMNl t H a t dlxaat lor v a l a t a d t a t i ia avasaga aaaiiaa 
a f a a l l l a l a a a l a a l d a t h a aaalaaa* Sa Hia aaaataao^r a f < ] ^ > 
l a i l a a t a t t h a t tha airaaafa nmhav a f a a H l a l a a a da a a t 
laavaaaa v l t h aaavfy aaA tht irahj ' xavaala t h a t tha aaaaaia 
r " 
dotts not doadiMit* la p^utHmum m v«XI n-nuaiLias 
ijitcsMtloiis* fh« irmXiM of • VImx* 0()i]|) 
th« dlspomion of oom* out to bo I.IX 
vhioli i « ooaparmblo vith its oorroopondlaii valuoo at 
dlffos»nt iaeldont oaoxiioo and l8 ladopondoat of sataro 
of tho 9coJootilo« It aar al«o t>o oonoludo that ia 
H]j^ -»dlatsibtttioa io of tbo ordov of <\>* ^ o avorago 
tttmbofi of lilaok pso&io I0 iad09<odoat of tho aaturo as voXI 
aa tttocgy of tho proJootHo* fho ooastanoy of ohows 
that avosago oaexty iapartod to aaolol fov thoii; ojcoltatioa 
i » ittdopondoat of tho typo of Ineidoat hadxon aad Ito 
oaozgjr* It is istosootina to noto that tho valuoa of tho 
tho oaao as the ratio of tho avoxaito auahor of ooXXiaioao 
aado by tho iaoidoat hadzoa iaoido tho aaoIoao« i»o., 
"0 it • Tho iraXoo of '^ '••y la aloo Oloao to tho ratio 
i If* V • fhlo« thoroforof ovtgiOoto that tho aToaifOdo 
pA 
aaltlplloity of pastioloo pxodaood la hadson-auoXoaa ooUi* 
•ioao farioo liaoarly vith tho airora«o naabov of ooXlioioao 
ia^ido tho avoloaa* fho Taluoo of , aad 
haro booa foaad to bo atroagly dopoadoat oa tho aoao auabor 
lliO 
o f «3i« nucaciM u t d t h i « d«p«»d«iio« oma b * z»pr«s«iit«d 
<%"> 9 <»j j> f h « 4«9«iia«iie« o f 
tho eharioA ohovoir p A r t l e l o miX t lpX lo l ty^ > on tho 
taiciot 0lst* vmth»« voaear ^i—k ( > ) ^  
irhloh I n d i o a t t s t h a t tho z o i a t i v l a t i e and hof tv i ly ioB is lng 
p a r t l o l o o «xo produeod through d l f f o x « & t proooeooi* 
fho Taiutsof ia hadzoa • auoloaa eolXlaloas B 
rmxy mth onovfiy i a tho saa t vay as ^^ hodsoa-aaoXeoa 
ooXXialono* Sbo dtpoadoneo o f and oa oaoxiy 
i s Xogar i tha io* fbo r a t i o > t^iraa oat to bo oXoso 
t o 2 and rooaiaa indepoadsat o f o a a i ^ aa waXX as tha t a r g a t 
aa»a« 7h ia r a t i o doaa aot agraa v i t h t h a Poiaaoaa saXat ioa 
< Sj, > / » • kg • A a i a i X a r bahaTiour o f < n^ > / B ia 
botl i hftdzoB-^iuOXaoB and hadroii«aaoXaas ooXXiaiona ahov a 
Iclisd o f aoaXiiifi i a t h 9 a a X t i p X i c i t y d i a t c i b a t i o a a * 
aonaata 2f}i2 » aad 4/114 o f t h a d i a t r i b u t i o n a hara 
haaa eaXeuXfttad aad t h a i r T a r i a t i o a wi th vaapaot t o 
hava haaa i ^ o t t a d * I t i a foaad l h a t tha v a r i a t i o a o f thaaa 
aoaaata v i t h Cll^> f o r a raa ta X j i a g i a d i f f a r a a t 
i a t a r v a X a vasar aioaXy f i t a tha data f o r tha hadsoo^aoXaua 
ooXXiaioaa a t d i f f a a a a t a a a r f i a a * Siaoa d i f f a r a a t 
i a t a r r a X a aaj ba takaa t o oorraapoad t o d i f f a r a a t TaXuaa o f 
<7)>« oaa a a j t thara fora» i a f a r t h a t tha o h a r a o t a r i a t i o a o f 
n^ • d i a t r i h a t i o a a raaoXt iac i a aoXXiaioaa w i t h Taryinf l 
lli'O 
•n«sii«a ttX9 fliaiXar to th» eoXlisiens niitrt tntvay is tt 
fHxed waXvm of < It mgr bo notod tbftt 
tbo normolisod itOMnto of ir^^aiotcDiutioiiy » and 
t€>v difforoat dMupc of otors ogroo qulto voXl vith thoir 
Vftltioo mt diffexottk onorgioo* fheoo xosuitt ouppozt tho 
oohortnt tubo sodoX of KiiXtlpastloXo pxodaotlOB* 
7ho oaorfiy Itido^oadont TAXUOO of B at onoxgioa >^ 20aoT 
vuXoa out tho ^aalbiXltioa of tho alngXo atop laodoXa* 7%to 
oXaaa ono dombXo a tot modol^ ^ uliaca hadifoxi-fiueXoua Intoraotlon 
la lato7]»rotad aa a aoquonoo of appzoxiaatoXy IndopeadaBt 
ooXXiaion with slngXo nttoXooii, prodlota tlio ssaan tioxaaXleod 
otaXtlpXlolty to tho onorit«V Indopandeat* Tho target alao 
dopoBdottoe of tlio oaaa aosraiaXlaod inatl^loltyt H , la glTon 
aa B « a bzF, irhozo ^ la tho aTorago nunbor of ooXXlalona 
la^ldo tho nuoXooa and a and b aro oonatants Independont 
of oaargy* 7ho TaXuaa of a and b are zoapootlireXy cr o«65 
aad cr 0*57 whloh aro oXoao to 2/3 wad 1/3, aa prodlotod by 
tho onorgy fXux oaaoado aodoX and dlaagroo with tho othor 
aodoXa of thla eXaaa« whloh prodlot a • b • i* Tho oXaaa 
tvo doubXo atop aodoXot vharo laoldont pavtloXo la ouTlaagod 
to Intoraot ooXXootlroXy aad foxn a alagXo ayatoa, do aot 
prodlot a dopoadoBOO of tho C»x«i R « a •»- bi*. fho alaq^o 
tttbo aodoX prodlota E • irtioro << la dotoralnod froa tho 
oAorgy dopoadoaoo of tho aaaa ohavgod partloXoa auXtlpXlolty 
I S fj 1 
in h«dniii-nuol«oii oolllaieaa witli oc m I/4 •a«v«l«« ^ 
70 0#y. fhis «!•§• a • whl«h 1« not oonpAsmbl* with 
M ob9«rr»a ia tbo ptmamt analyali* 3y aaalyiiliif 
t)i«i dfttft in t«ini9 of tilt) er(iate<l pasftleXts it haa 
b««n found that tha riultlpllotty dltttTi.btttio»« In feadaon-
nmlMm and oolllaiona T®f»r«8«nt«d by 
a singlo aoaXlni ftmetlon v '^Ca') • C with 
c<« 2«13« Fso» th« mngxHar dietvihiition of uray traok8» 
it has heen ebsoirrod that the groy tzAOks a£« saittsd 
prsdoainaatly in th« fowacd dir»etion« The fonvasd peak 
"^^ shawiottr supports the idea that the grey partieXes axe knook 
OB seooiX* tn the ease of shower parti^es the ^laXar 
distsihtttioae have heesi stttdled in. teres of pseudompidity* 
A ooapaxisen of the pseiadorapidity dlstrihation in different 
• iatexrrals reveale that as fi/^  inoreasest the exoess of 
the pavtieles appear in the target fraiHsentation region* 
shifting the aaxisa of the distrihutlohs towards saaller 
psendorapidity vaXnes* Beyond a eertain Xiaiting TSXHS* the 
pseudorapidity distrihution is aXaost independent of Hj^  » 
( or A)« The eoherent tube asdeX prediots that at a given 
eaergy as A inoreasee» the rapidity distribution wonXd rise 
sXowXy and sxpsnd towards the tacget fragaentation region* 
This predietiOB seeas to bs in fuaXitatiire agreeaent with 
the distribution observed in the present work* ?roa the 
Ih2 
oor£«Xatioa vtudiM bot»««n , , and 
it hu b««ii ob0«rr«d t^ftt th«0« pacMiit«ra Art lineaxiljr 
x^lated with ««ah oth&r* HC»w«v«r» tha ar^snfie value of ' 
ahov a atxoi^ ^ tapaadaaea on • 
Xn Chaptar IV« wa hava praaontad tha oharaotarlatlos 
of iMdius iiaaxgy t»rtlelaa produced/50 Oe? %»9siul8lOA ooXll-
aloag S&ir the event with \ > f 7 , Sha -valuaa of • 
< , » d ara found to ha h i^ar for tha 
a^asa pm^Gtag i^otonat dautavona* tritoaa and aXov piona 
aa ooaparad to thair oorsaaponding valuaa for a l l tha atara* 
I t haa alao bean obaarvad that tho valuoa of » » 
(M } and > are not aame la 50 (it-E>n)aad 24 
for tha aasta typo ovants. Howaver, thla dlsorapanoy in 
tha valaa; of abova paraaetora probahl^ r arisaa dua to 
diff«rottt aaturaa of tha projaotHaa* x^irther, tba inoraaatj 
in haan found to ba mora pronounoad than othar 
pa>rami»t«rB in tha casa of dialnt«gratlon tiroduolns p , d» t» 
and % • Tha variation of the amiaalon frsquanoiaa ^<f > » 
for ^roton^t d«ut«ron8 ^ tritona and alow piona vith 
<\> • ara linear, 
fhe angular diatxibution of protona ifi aiailar to 
$hat of deutarana aad both kind of partiolea ara pealcad in 
tha forward diraotion, Tha forward to baokvard ratioa ara 
the Bum f o r protons and (l«tit«rona »xid ttr* indiipvndvot o f 
enor fy o f i l i * I n o l d ^ t paxr l io l * * A l to * a«TttXftl ottoor 
c h a m c i m r i s i l o f l l i k e iioii«»ktiiit d l t i t i r i lmt lon ^ tho t r s & a -
vorso and XonKltudi iua t80it«iita d lstv l l iut losi f i o f doutaifoiis 
tBBn found to be eisii'Jjt^ t o i'^.os* o f tho ti-roionn* 
Thoao oharaosar ia t ios do uot depead OB tho nature o r onaxgj 
o f thd p £ 0 4 « e t l l « * A l l those rootaito t«n4 to anifjiio'^t t l m t 
• l ih«xr tha r a e o i l l a ^ auolaonf aro raaponsi^Xe f o r tba prodxio-
t i o n o f datitaa^n or t l ia t t h e x^oolXiafi nuol toa and dautaron 
najr talcaji on aqaal foo t ing as f o r aa t h e i r prodtaotion l a 
oonoarnadt l«a»» both th»8« o a r t l o l a a aca pzoduoad through 
a l e i l l a r pxooaaa* the study o f the product ion o f douteroQa 
h&a hcan o f isaoh i n t e r e s t to s e v e r a l workers. f o l l o w i n g 
proosfesae m y he anvlsaaed f o r e x p l a i n i n g the pxoduotlon o f 
deutacona 'ty raooU mideona* 
( I ) 111© pl€^«up I A r e c o i l i r iotoa ( o r n«uteon}» 
v h l l e out o f *ihe musleusy may p lok u^ } a e u l t a h l e 
n«iutro3i ( or proton) from t h e nuolaua t o fora) m deutezoa. 
( I I ) 7ha prooass^'^t A r a o o U nuolaon oan o o l l l d a 
w i t h CAOthex nuelaoa l a Faral-^aotlon Ino lda the nuolaua to 
f o m d®utaroa -^rouah th« ehanaf ls p (p, P(Q, is*)d, 
ISd 
( i l l ) BiitX«r and PMsruoa pxoowss^ i Aoooxdliii^  to 
thl« i;>roo«ti8 ft dcrut«»»zi otty vankls fmm th9 ^ftirlng of two 
xeooli. nutlL%mx0 (a or pmton) of oaiax 
ttovinfei ia a nmxsow- aagxilar iQliorvel Inaldo tho 
nuolosir BAttor* 
It 1» that tho r^alua of tho mnlaor of doutana 
to pxoton ratio (d/p) 1« noarly constant up to a aommttta 
o f 0 e 7 / o per nmoloon (Tabla ) and tor momnim 
> Q«ir/o p0r auolaottt valuo of tala ratio falla 
Mte0ply and thm again roaalns naaxiLy oonstaQt up to tha 
hlfhai^t eoB«atUB obsorvwd In tb« prdso&t lzivo3ti£atloa« 7ba 
roault tliat the two pi?ooeodes are opomaiMd alsml-
tatMiovsalir In psoduolog dott1;oz»ns* d^utdrons with moaanta 
upto 0«4t> Qa?/o ptr nuoXoon are produced tliroogh ouie prooeaa 
and thoee vlth aonenta > 0*45 6e7/o lior nuoleoia ax^ produoed 
the other i»;oo«aa« 
fxaa the dapendaaoe of on ^^^ ^^ deotaroii 
prodaoing atara and for all tlia atara* i t aey l>e noted that 
for a «iTaa < Ifg > t the valne of < Ii) > is larcer for deuteron 
pxodaoiB« atara a« ooapared to ita ralm for ell the atara 
whloh aagfe«ta that arerage oxoitation of nuolel la larger 
in deuteron produolng etare aa ooapared to alX the atara ei^ an 
when Ihe noaher of reooillng nuoXeona remain the sane* Thia 
8 reaalt la la alear oontradiation vlth the SutXer and ?eareon 
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pnlrlfig of tti# out foing nuel«on« sliotiXd 
net slt^r tht •xeltiitloa of ntiolvl. Howorvrt thlo aodtl 
htM gvmmlXf \t0tm oertRtaore^ S for ©frpleiisitig the productloa 
©f taorsetic dottterenf? only* fe'© thext»fore, diriiod 
ortntff into two ( i ) «ii«rf«tle nM (11) leaa 
eti»rg«tlo 4«uteroiJ® (Fig, ».)• Figwrei/aa shows that tito 
aT«raf« oxoltfttlon of th« «wnt8 prodiselfii ! « » « eaorgotio 
i9 isoro e.9 ooB^ mrad to it9 oorroaponding t&Iuo 
for tbo ovoatd prodtiolng ooffii^ arfttivoXy energotlo doutoroas* 
HouTifTory ^icoltatioit of ••onto ^Ith 9mrgotie doutoxooo 
Is sti l l largor In coitpaxrlt-oxi with th« vholo oamplo and 
8tigg«3ta that th« ohamotoriatlos of th« oventa vith onorgatlo 
dautarona do not agvea with the p3?adlotlO!ia based oa tha 
Butler and Paaraoa sodtl* 
In Fig* 4«4a,«OBant«9s pas soolaoa of protons and dsutarona 
aaittad in Tarlous anfialar latamaa hara baan aoapazad. Va 
find that tha MMataa mv nuolaaa of daataxoaa la aoaavhat 
aaallar than tha aoHaatua of protons in aTsrj aa^pdar intaxral* 
Tha rasnlt is against tha arpaetatlons baaad on tha Bi&tlar 
aaA Paaraon aadal, iliaxa i t ia aspaotad that tftia mnmgw 
momnifvm par anolaon of dsataian in a flTan anfolar intarral 
ahoiild ha aqnal to tha aTaraffa MHiatttua of proton aaittad in 
thft aaaa aogalar intarval* 
lli'O 
Vow X«t ••• hoir tht prvdlotiona of th* plok up 
or til* ir{fftit}d pxoo««0 tftUj Kith t!i« •xp«zlMntal Msolts. 
It ttiftt lilt •zoitatioa of naolol ohsll 
itiesoAso if any of tiM pzooomoo oposntoii* fho olworrod 
4oponAoi»eo of oa <]f^ > oiifporto both tho psoooaooo. for 
fUrtlMr obotict «* hAf ooaparoA tho <II^ > dopoadoaoo 
of tho total aaapXo of OTonta vith tho ovoata In vhi^ 
doatoroaa haro booti obaowad* It aajr bo notod that at aay 
glTon valtia of <li)|> "kh* oorroapoadlag valiaa of <S^> la largor 
for dflftttoroa produolog atara la ooaparlaoa to all tho atara* 
It la alao notod that iihllo f » r OTOxy Talua of tho 
oorxoapoadlnc talao of <H >^ for t^o total aanplo of atara and 
tha atara with oaorgotlo doutosoaa aro aoaxly tho aaaa, tho 
Talttosof for loaa oaazsotlo deutarona aro dlatlnotlj 
aoro« Xa tho piak-up proeoaa» a recoil zmoloon la aaansod 
to plolD-ap aaothor aaltablo anolooa of tho nuoloaa to fosa 
doatozon and no othor partlolo la prodaood. 7hor*foro» 
tho aaabor of ^oaora In tha atara vhtro doutorona aaj appoar 
roaalaa aaaffootod* Tho paoeoaa ir(llta)d glTO rlao to a ploa 
alao la tho final atato* fhoxoforo. In tho atara In vhloh 
dotttoron nay hairo coaaltod th»»ii# itela pzoooaa aro oxpootod 
to ahov a hl^or valao of avorago ohovor partlolo aultlpllolty. 
It la oxpootod that oat of tho tao proooaaoo» tho plolc<-up 
pxoooaa oan ooatrlbato al^ilfloantly to only lov anozgy 
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dcttttiro&a aedl t(2r»«)d 9»»a«M to th« •a«xy««i0 dt^ utccoas. 
thttCf if th« d«iit«xon$olM«zT«d art mlnly prod«e«d thsough 
tho mbOT» pzoooM, it it o^ qpootod that tbo «liazgod 
•howiv 9«rti^« aultiplioity of tlio OTOiito with oaovdotio 
doiit«3»oas ili««3LA Iii«llt» tUtaa tho rwXvm for <S«> fos tho 
totid oaapXo mniBL ••o&to vith looo oaorgotio doutoxono ahould 
rosain tiaaffootod* 3at oatixoly diffovoat bohavioar has baaa 
obsorvad. 
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